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FOREWORD 

The investigation presented in this article was carried on 
during the college year 1913-1914, being a part of the regular 
academic work of the writer. 

It is a privilege to express my obligations to the many who 
have materially aided in the work: to Professor C. E. Rugh for 
assistance in making arrangements with the school ofi&cials for 
carrying on the work; to Mr. Morris C. James, superintendent 
of the Berkeley schools, for permission to take up the work 
among the schools of this city; to the principals of the three 
schools visited, for permission to use their pupils as subjects in 
the experimentation, as well as for their kind assistance in 
furnishing private rooms in which the tests might be con- 
ducted; and to the several teachers whose schoolrooms I 
invaded and whose regular work I seriously disturbed. Great- 
est of all is my indebtedness to my teachers Professor G. M. 
Stratton and Professor Warner Brown who introduced me to 
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the methods of experimental psychology and from whom I 
have enjoyed almost daily advice, assistance, and encourage- 
ment from the time of the selection of the problem to the 
publication of the results. 


Introduction 

Sundry studies have appeared whose results seem to bear 
evidence of the existence of a variation in efficiency during 
the day, for various mental and physical activities. In 1906 
an effort was made by Howard D. Marsh^ to collect and review 
the scattered evidence produced before that time, together with 
the results of experimental investigations conducted by him- 
self. Even under the stimulus given by his efforts, the work 
has gone on but slowly. Extensive researches by hosts of 
investigators have been undertaken on the cognate subject of 
mental fatigue and kindred educational and psychological 
problems, but the equally important consideration, that of 
mental adaptation has, until in very recent times been quite 
neglected. Many current text-books of pedagogy and psy- 
chology scarcely give the matter passing notice, indicating 
that the answer to such a question is as yet in such an unset- 
tled condition that even a tentative statement with regard 
to it would be unsafe. 

Yet there is much reason to believe that the exact demon- 
stration of such diurnal variations in efficiency is a matter of 
perhaps greater import than the solution of many other prob- 
lems of like nature to which more attention has been given. 
A casual consideration will show that this phenomenon is one 
intimately connected with that of fatigue. Pure fatigue 
sets the limit to the amount of work that can be done at any 
time, and feelings of fatigue and kindred factors likewise 
tend toward the decrease in quality and quantity of accom- 

1 “The Diurnal Course of EiSciency”, Archives of Philosophy, Psy- 
chology ana Scientific Methods, no. 7 (July, 1906). 
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plisliment. It is very probable that the diurnal course of 
efficiency, independent of whether we work or rest, at times 
runs parallel "with and at times directly opposite to the course 
of fatigue and other factors which tend to diminish the 
capacity of the organism for work. It is, therefore, not 
impossible that many of the discordant and often surprising 
results produced by investigators of fatigue and kindred 
problems are largely due to the failure to take account of the 
ebb and flow of efficiency during the day. Not a few investi- 
gators, for instance, have found that instead of an inferior 
quantity and quality of work resulting, as one would expect, 
after several hours of continued activity, the very opposite is 
the ease. Such surprising results might be accounted for in 
part, if the truth were known, by the fact that at the begin- 
ning of the period the tests 'were made in the valley, and at 
the end of the period on the crest of the daily wave of effi- 
ciency, and that the difference in this respect more than coun- 
teracted the opposing effects of fatigue. 

If conditions similar to the hypothetical one just mentioned, 
do exist in reality, clearly it is necessary to determine and 
take account of them before fatigue can be adequately deter- 
mined. 

It should be stated at once, however, that fatigue is one of 
the factors so intimately bound up with the rhythm of effi- 
ciency that entirely to separate and measure either of them 
seems only theoretically possible. Nevertheless, it does not 
seem impossible that the separation may be in part accom- 
plished. In the present investigation, it has been found neces- 
sary to take as subjects groups of pupils from the grammar 
grades, engaged in their regular school work. The effects of 
pure fatigue resulting from their varied activities have not 
been eliminated, but the effects of feelings of fatigue, loss of 
interest, boredom, and the like, which are thought by many 
investigators to be the more important causes of loss of effi- 
ciency during the day, have been largely, if not entirely, 
avoided, as will be explained later. 
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If experiments show that diurnal rhythms of efficiency for 
different mental functions exist, practical suggestions with 
regard to the arrangement of the school program should 
follow. In a great many schools at the present time, the 
distribution of the subjects throughout the day is to a large 
extent arbitrary, and in cases where the schedules are made 
out according to fixed opinions of one sort or another it is pos- 
sible that they may not be well grounded, psychologically. In 
several of the schools which have been visited during this work, 
arithmetic was given early in the morning chiefly for the reason 
that since it was found to be work of a difficult and severe 
sort, it should be given when the pupils were fresh. Winch 
has shown that the same opinion is current in English schools, 
although his investigations indicate that a later hour of the 
forenoon was considerably more favorable for arithmetical 
work.^ Further investigation on the diurnal course of effi- 
ciency for the several school functions would greatly aid in 
establishing the program on a sound basis. 

The results of previous research on the daily ebb and flow 
of efficiency have been varied and conflicting. We could hardly 
expect the case to be otherwise. In the first place, much of 
the evidence bearing on this phenomenon has appeared in 
experimental work directed primarily to other ends, and with 
many important modifying factors left out of account. More- 
over, the experiments have been conducted with subjects of all 
ages, both children and adults; with students, professional 
men, and laborers ; in winter and in summer, in hot and cold 
climates and on hot and cold days. Peoples whose habits of 
life and whose interests differ have been subjected to all kinds 
of mental and physical tests, some adequate and some not, by 
different men using many different methods. Under such 
conditions there is no reason to be surprised that the results 
are not in entire accord with one another. 

2 Wincli, W. H., “Mental Adaptation During the School Day, as Meas- 
ured by Arithmetical Reasoning”, Journal of Educational Psychology, 
vol. 4, 1913, pp. 17-28, 71-84. 
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In general it was thouglit advisable not to attempt to solve 
the problem by scanty data collected from a large number of 
different school grades, or from children of widely different 
age and working with different subjects, but rather to collect 
a larger amount of evidence from subjects of nearly the same 
age and doing essentially the same work. With the latter 
method, the results would not only be more reliable, but in 
case differences in the course of efficiency are found between 
the several groups, the factors which conspired to produce 
those differences would be more clearly indicated. Although 
subsequent investigation of each of the several factors would 
be required to produce entirely reliable conclusions, yet we 
could at least say, from the facts gained by this work, that 
the variations from group to group were not due to differences 
in age or mental development, or to differences in the chief 
form of work or interest of the subjects tested. There might, 
indeed, be some indication that the variations were due to 
differences in home or school environment, to methods of 
teaching or to other factors which were beyond the control of 
the experimenter. If, on the other hand, the course of effi- 
ciency should be found the same for all the groups it would be 
evident that such a rhythm is one that persists in spite of such 
differences between the several groups tested. 


n 

Chief Causal Factors in the Diurnal Course op Efficiency 
1. The Night-Bay Rhythm of Sleep and Activity, 

It has been contended that one of the chief causal factors in 
the determination of the diurnal curve of efficiency is to be 
found in the rhythm of sleep. The curve of sleep is, of 
course, at its greatest depth during the night, in the stage 
of real sleep in the ordinary sense of the word; the maximum 
occurring from one to three hours after the beginning, and 
gradually decreasing in intensity until awakening. A similar 
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state, it is alleged, although qualitatively and quantitatively 
differing in certain respects, occurs in the day, being felt at 
one extreme as a sort of inertness and sluggishness which 
disappears as the organism approaches the condition of com- 
plete wakefulness or consciousness. Such a condition of slug- 
gishness is doubtless within the experience of everyone, being 
greatest immediately after waking, and continuing through 
the morning hours for varying lengths of time. Such a stage 
we generally call ^Svarming up,” and in the earlier part of 
its course we make use of such expressions as ^‘We haven't 
got into the swing yet,” ''Wait until we settle down to busi- 
ness,” etc.^ Later on when we have arrived at the maximum 
of wakefulness, consciousness, or fitness for work, we are 
generally aware of a greater efficiency. The work seems more 
absorbing, mind and muscle work with smoothness, effective- 
ness and dispatch. The work is then in a condition of "full 
swing we are at our best. 

The curve below, plotted by Michelson, will show the form 
such a night-day rhythm of sleep might take.® 

Normal ability is designated by the base line in the figure. 
It will be noticed that the condition of inertness gradually 
decreases, but that the stage of normal consciousness is not 
reached until the late forenoon, with the maximum oecuring 
late in the afternoon. 

At this point one begins to wonder what are the facts that 
lie deeper; what are the factors which account for the charac- 
teristics of the curve of sleep. The answer to this question 
must lie in the explanation of sleep itself. When one seeks 


3 For a discussion of these, see Max Offner, Mental Fatigue (Trans, 
by Whipple, 1911), pp. 63-73. 

^Kraeplin and his school call this condition "‘fitness for work'' 
(Arbeitsbereitschaft). For extensive work on the various phases of 
the work-curve see E. Kraepelin, “Die Arbeitskurve", Philosophische 
Studien, vol. 19 (1902), pp. 459-507; also the various articles in Psy- 
cliologiscfie Arheiten, especially “Ueber Ermiidung und Erholung", by 
W. Rivers and E. Kraepelin, Bd. I, pp. 627-678. 

5 M. Michelson, “Ueber die Tiefe des Schlafes”, Psychologische 
Ar'beiten, vol. 2, pp. 84-117. See also Marsh, “The Diurnal Course of 
Efficiency” (1906), p. 73. 
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Pig. 1. Showing the hourly depth of sleep. (Marsh, after Michelson.) 


for information on this point, he is immediately confronted 
with a host of theories.® From the many hypotheses which 
have been advanced, the following may be taken as repre- 
sentative : 

(1) The Accumulationr-of- Acid-Waste-Products Theory advo- 
cated by Preyer^ and Obersteiner.® According to this view, 
the activities of the day result in continued aecnmnlation of 
acid wastes products which bring on loss of irritability and 
fatigue, finally resulting in sleep. 

(2) The Consumption-of-Tntramolecidar-Oxygen Theory ad-* 
vanced by Pfliiger.® Here it is alleged that the brain-cells 
during the waking hours use up their store of oxygen faster 

e For an excellent summary and discussion of the numerous theories 
of sleep see Pi^ron, Le prohleme pJiysiologiqne du sommeil, Paris, 1913, 
For shorter descriptions in English see W. H. Howell, A Text-Book of 
Physiology (Ed. 5, 1913), chap. 13. Also B. Sidis, An Experimental 
Study of Sleep (1909), p. 106. 

7 Preyer, Centralblatt f. d. Med. Wiss., vol. 13 (1875). 

8 Obersteiner, Allgemeine Zeitschrift f. Psychiatrie, vol. 29 (1873), 
p. 224:. 

spfliiger, Archive /. d. gesammte Physiologic, vol. 10 (1875), p. 468. 
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than it is replenished, causing loss of irritability ; so that when 
external stimuli are withheld, oxydization in the cells sinks 
below the level necessary to arouse consciousness. 

(3) The Toxin Theory of Pieron.^*^ According to this theory 
the catabolic processes of the system, especially in the brain, 
form a special toxin which finally accumulates in sufficient 
quantity to inhibit the action of the cortical cells. 

(4) The Neuron Theory of Eamon y Cajal^^ and Duval.^^ It 
is assumed by these investigators that the arborizations of the 
afferent fibres and the dentrites of the cells, according to one 
form of the neuron theory of the structure of the nervous sys- 
tem, communicate by contact only, and that the dentrites are 
contractile. Sleep is brought on by their mechanical retrac- 
tion due to continued activity. 

(5) Psychological, Biological, and Comiination Theories. 
A. The Psychological Theory advanced by Heubel holds that 
mental activity depends upon incoming sensory stimulations, 
particularly those from the periphery ,• and where such stimula- 
tions are absent, sleep results.^^ B. According to the Biological 
Theory theory of Claperede, sleep is to be considered, not as a 
passive state, resulting from chemical actions of whatever sort, 
but as an active, positive function of an instinctive and pro- 
tective nature.^^ C. The theory recently advanced by Sidis 
is in a large measure a combination of the last two, with cer- 
tain modifications. To put it in his own words: “Biologically 
regarded, sleep is as much an instinct as hunger or thirst. . . . 
Physiologically and psychologically regarded, sleep is an 
actively induced passive state in relation to the external envi- 
ronment,* the psycho-physiological systems have their thresh- 
olds raised in relation to external stimulations; the rise of 

iopieron, op. cit. 

11 Ramon y Cajal, Archive fur Anatomie u. Physiologic (1895), 
p. 375. 

12 Duval, Comptes rendus de la soc. de hiol,, vol. 2 (1895), p. 86. 

13 Heubel, “Abhangigkeit des wachen Gebirnzustandes von aiisseren 
Erregungen”, PfOigers Arch., vol. 14 (1877), p. 158. 

14 ClaperMe, “Esquisse d’une theorie biologique du sommeir\ Arch, 
de Psychologic, vol. 4 (1904), pp. 245-249. 
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threshold is induced by a mass of impressions possessing little or 
no variability, by limitation or by relative withdrawal of stimu- 
lations, or what is the same, by monotony of stimulations and by 
limitation of voluntary movements.’’^® 

(6) The Anemia Theory of Howell.^® This theory is based 
on observations showing variations in the flow of blood 
through the brain in sleep and wakefulness. 

Most of the hypotheses just mentioned have for their sup- 
port a greater or less amount of experimental evidence. Such 
being the ease, it seems most reasonable to suppose that sleep 
is produced, not by any one of the various factors singled out 
by the different investigators, but by the combined influence of 
a number of factors working together. 

The purpose of this excursion into the uncertain realm of 
theory has been to select some hypothesis which, for the sake 
of illustration, might be applied to the night-day curve of 
sleep given above (Figure 1). The opinions of ClaperMe and 
Sidis that sleep is an actively induced, normally recurring 
condition, and the opinion of the same writers and also of 
Heubel, that the effects of the varied sensory experiences are 
causal factors in the induction of sleep, seem reasonable. Keep 
ing this in mind, the Anemia Theory of Howell might be de- 
scribed in more detail for the purpose of applying it to the 
night-day rhythm, not without admitting, however, the possi- 
bility that accumulation of acid waste products and toxins 
and perhaps other factors have also some causal effect. 

The Anemia Theory of Howell is based on fairly substantial 
evidence of an anemic condition of the brain during sleep, and 
assumes that this condition is largely occasioned by a rhythmic 
loss of tone in the vasomotor center in the medulla in conse- 
quence of fatigue from the continued activities of the day. 
The normal activity of this center, due to the constant flow of 
sensory stimulation and the activity of the brain, is needed 

15 op. cit.j p. 98. 

16 Howell, W. H,, Journal of Experimental Medicine, vol. 2 (1897), 
p. 313. 
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to cause constriction of the blood-vessels of the body, especially 
of the skin, on which depends the flow of blood to the brain. 
This continued activity fatigues and lowers the irritability of 
the vasomotor center, stronger and stronger stimulation being 
necessary to maintain its normal tone ; eventually its effect on 
the blood-pressure becomes insufficient to maintain an adequate 
flow through the brain, and unconsciousness or sleep results. 

Adapting this theory to the curve of sleep shown in Figure 
1, it would seem that although the return to consciousness is 
sudden, the complete readjustment of the anemic condition 
takes place more slowly, since it is dependent on the cumula- 
tive effects of sensory experience and the increasing activity 
of the brain. 

At this point suggestive indications might be brough forth 
by a comparison of the night-day rhythm of sleep with the 
diurnal course of the vital activities. Since the activity of the 
brain and of the vasomotor center, and, consequently, the 
rhythm of sleep, is dependent in part on the constant flow of 
sensory impulses and on the nervous discharges, the course 
of the vital activities may be in part a cause as well as an 
effect of the night-day rhythm of sleep. 

The experimental evidence bearing upon the diurnal 
changes in circulation is not extensive, but it points rather 
consistently in one direction. The work of Vierordt,^^ Binet,^® 
Storey, Erlanger and Hooker, and Marsh-^ agrees fairly 
well in showing a curve of the pulse-rate with a minimum in 
the morning and increasing somewhat irregularly to a maxi- 
mum in the late afternoon. 

The pulse-rate is so delicately susceptible to changes due 
to muscular and mental activities, digestion of food, etc., that 

iTVierordt, K., Daten und Ta'bellen (1888), pp. 95-150. 

isBinet, A., “Les cUangements de forme du pouls capillaire aux 
differentes lieures'', Ann^e Psych,, vol. 3 (1897), pp. 10-29. 

19 Storey, T. A., ‘‘Some Daily Variations in Height, Weight and 
Strength”, Am. Phys. Ed. Rev., vol. 6 (1901). 

20 Erlanger and Hooker, “An Experimental Study of Blood-pressure 
and Pulse-pressure in Man”, Johns Hopkins Hosp. Reps., vol. 12 (1903), 
pp. 145-373. 

21 Marsh, “The Diurnal Course of Efflcienoy”, pp. 4-9. 
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reliable curves can be obtained only with the greatest diffi- 
culty. Considering the scarcity of experimental evidence and 
the difficulty of the problem, the indications above, of a morn- 
ing minimum and an afternoon maximum in pulse-rate, are 
not altogether reliable. 

The diurnal curves of respiration and temperature seem to 
be very closely related to each other and to the curve of pulse- 
rate. Yierordt,^- Binet, Tigerstedt,-^ Johannson^® and Marsh^® 
agree fairly well in their determinations of the former two 
curves. Both respiration and temperature seem to be least 
from 5 to 6 A. m. increasing gradually to a maximum at about 
5 or 6 p. M. Similar experiments on the monkey and various 
birds by Galbraith and Simpson have shown similar daily 
rhythms in temperature.^^ It appears then, that in a general 
way, — ^neglecting the important factors of meals, rests, and 
the hke, — ^pulse, respiration, and temperature vary alike from 
an early morning minimum to a late afternoon maximum. 

It must be observed, however, that all the rhythms just 
mentioned are subject to fluctuations of greater or less extent 
under the influence of many different factors. For instance, 
the curve of sleep, plotted above, shows a decided drop follow- 
ing the mid-day meal. Howell, in adapting his theory to this 
situation, says: ‘‘The drowsiness that follows a heavy meal 
is probably due mainly to the mechanical effect of a dilation of 
the blood-vessels of the viscera and the consequent diminu- 
tion in the blood-flow through the brain. 

The increasing sleepiness in the evening (see Figure 1) is 
probably due in part to effects of the evening meal as well as 

22 Op. cit. 

23 Op. cit. 

24 Tigerstedt, Lehr'bucli der PJiysiologie (1902). 

25 Johannson, **Ueber die Tagesscliwankungen des Stoffwechsels und 
der Korpertemperatur”, Skand. Archive fur Physiol., vol. 8 (1898), p. 85. 

26 Op. cit. 

27 Galbraith, and Simpson, “Conditions Influencing the Diurnal 
Wave in Temperature of the Monkey", Journal of Physiol., vol. 30 
(1903), p. 20; “Temperature Variations in Nocturnal and Other Birds" 
ibid. 

28 Text-Book of Physiology, p. 263. 
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to the changes brought about by the fatiguing effects of the 
continual sensory stimulation and of the general mental and 
physical activity during the day. 

Age and sex are factors which may influence the night-day 
course of sleep and activity. Habits of work and rest, the 
time of meals, time of rising, external conditions, and many 
other factors undoubtedly have their effect. 


2. Fatigue and Feelings of Fatigue. 

The intimate relation of the problem of fatigue to that of 
the diurnal course of efficiency has been mentioned before. 
The curve of fatigue runs opposite to that of adaptation and, 
as we have just seen, to the curves traced by the night-day 
rhythm of sleep and the vital activities. 

The extensive investigations which have been conducted for 
the past half century, primarily for the purpose of determining 
the causes, nature and extent of fatigue, have naturally 
thrown some light upon the problem of the diurnal course of 
efficiency. On the one hand, fatigue from continuous work 
tends to limit the amount and quality of work that can be 
accomplished in any given time, and is, on that account, a 
determining factor in the course of efficiency. On the other 
hand, the existence of an independent variation of efficiency 
through the day presents a difficulty in determining the 
amount of fatigue resulting from continued activity; and is 
a factor which must be taken into account if quantitative or 
qualitative measurements of fatigue are to be obtained. 

The investigation of fatigue has shown that, unfortunately, 
this is by no means the only obstacle to be avoided. The 
effects of practise, habituation, swing or fitness for work, spurts, 
age, sex, and other factors, furnish influences which must be 
taken into account separately before fatigue in unadulterated 
form can be determined. In fact, it seems that the discordant 
results of the many investigators, and the failures in most 
cases to gain valid indications of the nature of fatigue, have 
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been due in a large measure to the failure to take into account 
sufficiently or correctly one or more of these factors. 

Yarious tests have been devised for determining mental 
fatigue particularly as it concerns the work of the schoolroom. 
They may be divided into two main classes, physical tests and 
mental tests. The physical tests are concerned with pulse- 
volume and rate, respiration and blood pressure ; ergographic 
and dynamometric tests of strength and muscular perform- 
ance ; tapping tests for rate and accuracy of movement ; tests 
for measuring the accommodation of the eyes; and various 
others. Although much work has been done with each of these 
forms of tests and many valuable suggestions have been pro- 
duced, criticism has shown them to be unreliable ; and, at the 
most, they indicate fatigue, but do not give an absolute meas- 
urement of it. 

Other' tests, which as regards method are psychological 
rather than physiological, have been widely used and with 
somewhat greater success. Such tests take the form of meas- 
urements of cutaneous sensibility ; of tactual discrimination ; of 
other sensory values (algesic, auditory, visual, etc.) ; estima- 
tions of time; measurements of the duration of mental proc- 
esses, such as the reading of certain groups of words; and 
the like. These tests have met with more favor and have 
given more satisfactory results than the physiological tests; 
although they, too, have failed to furnish anything like an 
adequate measure for fatigue. 

The method of mental tests in the narrower sense aims to 
measure fatigue by determining the quality and quantity of 
mental work that can be done under varying conditions. The 
tests generally used are better adapted to the study of fatigue 
among school children, because they correspond more closely 
to the kind of work in which the pupils are regularly engaged. 

The first investigator in this field was the Russian psychia- 
trist, J. Sikorski, in 1879, who used a form of dictation-test. 
The same general form of test, with improvements, was used 
later by Oehrn in 1889, Hopfner in 1894, Friedrich in 1896, and 



1916 ] 


Gates: Ywriaiions in Efficiency 


15 


by Binet and Henri in 1898. The nearly impossible task of 
obtaining a number of texts of uniform difficulty largely ac- 
counts for the unreliability of their conclusions. 

The Memory Method of testing was devised by Ebbinghaus 
and has been used by Netschajeff, Schuyten and many others. 
Digits, nonsense syllables, logical sentences and other material 
has been used, but in most eases the results have not been 
satisfactory. The defect, however, has been in the method of 
conducting the tests rather than in the tests themselves; prac- 
tise-effects have been permitted to conceal the effects of fatigue. 

The Completion Method, also invented by Ebbinghaus, has 
been less widely used. In this test the subjects are required 
to fill in the blanks made by the elision of certain words and 
syllables in a simple text. The results obtained from this 
method have also been of doubtful value, chiefly for three 
reasons: (1) the inability to secure texts of equal difficulty; 
(2) the failure to eliminate practise-effects ; (3) the failure to 
take account of individual differences among the subjects 
tested. 

The Gcmcellation Test is another form frequently used in 
recent times. This method requires the subject to cancel, at 
greatest speed, one or more words, letters or digits from a 
printed text of properly arranged material. The chief source 
of difficulty in this test, it has been found, is to take account 
of the exceedingly great improvement due to practise. 

The Copying Method, favored by Schuyten, consists in copy- 
ing letters or digits which have been exposed on the board. 
The number of errors and corrections indicate the extent of 
fatigue. 

The Method of Simple Computations has doubtless been 
more extensively employed than any other. Various forms 
of mental and written arithmetical computations have been 
used, and this test has the advantage of employing a mental 
function identical with an activity employed in the school. 
Another advantage of this method lies in the fact that differ- 
ent texts of almost uniform difficulty can be arranged. Never- 
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theless, in its use, the common difficulties presented by practise- 
effects and individual differences, are still to be met. Compu- 
tations have been largely used by Kraepelin and his school 
especially in the Contmuous Work Method, in which the subjects 
are required to work, unceasingly or with various prescribed 
periods of rest, for spaces of time varying from a few minutes 
to several hours. This method, if carried on with the same 
subjects for sufficient lengths of time to reach a stage in which 
practise-effects cease to be noticed, would certainly be an 
admirable one in many ways. It has been put to especially 
successful use by Kraepelin and his followers, by recording 
the work done within short (5-minute) periods, thus making it 
possible to plot a curve for the whole period. The method, 
however, is not without certain objectionable features. On 
account of the more than customary rigor and uniformity of 
the work, fatigue is likely to set in very early; in the begin- 
ning, also, practise-effects are large; the method is difficult 
to use in the school; and individual differences must be care- 
fully eliminated. 

The Combined Method has been favorably received and is 
preferred by Offner.-^ With this method, several tests for 
different functions are employed in succession, thus giving a 
more complete idea of the subject’s general mental efficiency. 

On the whole, although the last word on the question of 
fatigue is yet to be spoken and although we have no accurate 
measurement of fatigue or conclusive evidence of its nature, 
many important things have been accomplished; (1) Much 
has been done to standardize the forms of test and to show 
the defects in many methods of experimentation. (2) The 
factors which enter into fatigue and modify it in various ways, 
have been shown to be numerous and complex. (3) We now 
have evidence that real fatigue, at least as far as school work 
is concerned, has been greatly overestimated and that feelings 
of fatigue, lack of interest, and the like, are perhaps the chief 


29 Offner, Mental Fatigue (1911), pp. 53-56 
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causes of diminution of the efficiency in the school room as the 
day progresses. 

It is only reasonable to suppose, however, that any form of 
activity is fatiguing to some extent, although in many func- 
tions fatigue may he a minor element and completely masked 
by other factors. Fatigue, moreover, unquestionably varies 
greatly among individuals and is much more pronounced in 
some forms of work than in others. In the numberless indus- 
trial activities, the problem of fatigue is a vital one, and 
various studies in industrial efficiency have shown that the 
nature and amount of fatigue may be greatly modified by 
methods of work, rests, habits, drugs, food, etc.^° 


3. Daily Habits of Life, 

The numberless habits of daily life have their effect on the 
diurnal course of efficiency. We may expect that the relative 
efficiency shown at any hour of the afternoon will depend to a 
considerable extent upon the amount and character of the 
work done in the forenoon, upon the hour of rising, the time 
and heartiness of meals, and upon many other self-imposed 
habits. 

There is much reason to believe that the particular time at 
which a person is accustomed to work will come to be consid- 
ered the most profitable. The student who persistently studies 
at night soon regards the evening as the most favorable period 
for mental work. Those whose heaviest work is ordinarily 
done in the morning, are likely to regard that as the most 
effective time. If they are interfered with, such habits, of 
whatever sort, seem to have great power to distract attention, 
and thus retard work. It is very probable that the disturb- 
ances in normal activity, following the breaking of a habit, 
such as the cessation of smoking, drinking, or of going without 
lunch, are quite as much due to the mental disturbance caused 

30 See Miinsterberg, Psychology and Industrial Efficiency (1913), 
especially chaps. 13-18. 



18 Vnivcrxiti/ of i'tilifitniiu l’uhlii iiti>‘n'i II' l\-i, i'' "i 

by the failure to eomply with tlif tialiil, as in tSu- lOiirr . 
of the lack of tobacco, luiuor, or fiHid. 

The kind of work in wliicli one is ein'ai'i 'i «! > '',■. (• i;, ava 
or light, mental or pliysical and the vigi.r nul! wim h ..j,,- 
applies hinusclf to it. are factors wideh niflueiie.- sti,- di-.unai 
curve to a greater or Ie.s.s e.\tent. 

If reliable result.s are to be obtaitied emieernuii' tb. diumal 
course of etlieieney, all sneb factors ami habit', lau .! ta!,,.(, 

into account. It is es.sential that their mirmal t'..!!,) and fun., 
of occurrence .slnmld he known, and it is etpialli nuj...; ?ai,f 
to know when variations from tin- hal.itiia! .eOiviii. , ..t ihe 
day occur, or when habits Imve not been .'i.inj-h.-d nuh 


4. Various Other ('mtsul Fmturs. 


(1) Fickitess andHeitltli. \’ariatiitn, I'n.tu ti, n..!) 
of health would prohaldy modifv the norma! ...ui 
ciency to no .small e.stent. h’or that (■••a.Mii, ;n 
work, convuIe.seent children or ehililr.n f..iim* d! .h 
excluded. 


( 2 ) I’hijsiolouiritl tlijj'irnins in slmuith o.’.l 
Persons vary in strength, eiidiiranee .uid su ..-. j.tjbi.j! 5 r.. 

fatigue. (liven a day's work id' a eectain sei, ritv, «. 
expect some din'ereiiees in the eonrse ,.t' . tti. i. n. i t,. 
from mere physiological ditl'erenees. 


(.1) ^aritloilS III ij'tiriiul emnhtiuni, e • .,> 

weather, may have .some inliuenee on the dim no! rti .tbm 
(4) Fex.~ There is a possiliility thni the .bmnul . nrw 


efficiency difl'ers slightly for the sevs. Mnrd. m tu ■ omnm.rv 
of investigations lomid freipieiit imheaiioic that tii, ma Mooim 
for women oeeurre.l .somewhat earlier in the da,., ih.u, i.., „ 

(.')) dpc.— Previous investigntois hiu.- f-mnd i.,,,.... . , , . 
stances in whieli the time of maximnni .-tliei. n.'; n.i . ) i dr- ', 
appeared earliim in the day timn in the cas.- of .olod , !.>ddme 
us take into comsideration any ditl'erenee n. ag- ..t ir. mt.,. . 
used in researcih. 



1916 ] 


Gates: Variations in Efficiency 


19 


5. Siimmary. 

It appears that the night rhythm of sleep is prolonged 
through the day, being felt in the earlier hours as a general 
condition of inertness, sluggishness or drowsiness, of varied 
intensity. The effects are most pronounced immediately after 
waking, and decrease gradually, although perhaps somewhat 
irregularly, as the day advances, the maximum of conscious- 
ness or wakefulness being attained usually in the latter part 
of the afternoon. This process of becoming awake is accel- 
erated by the cumulative effects of successive internal and 
external sensory stimulation. This process of general adapta- 
tion continues upward, however, only to a certain point, when 
the catabolic processes, producing fatigue and lessening the 
activity of the nervous system, begin to reduce the efficiency 
of the organism. 

It has been found, also, that the vital activities run almost 
the same course as that of consciousness during the day, 
although we are not prepared to say in just what manner 
these functions may be related. 

The night-day rhythm of sleep and activity, the course of 
the vital activities, as well as of other functions, are undoubt- 
edly modified in various ways by a number of factors. Fatigue 
ranks among the more important of these, and its effects vary 
with individuals and with the kind of work being done. As far 
as the work of the schoolroom is concerned, it is probable that 
real fatigue is a modifying factor of less import than feelings 
of fatigue, which — although they are but feelings — neverthe- 
less usually succeed in reducing the quantity and quality of 
work. The time of going to bed and rising, of meals and rest, 
the method of working, and the like, also have their effects; 
and in case such habits are not complied with, there is a dis- 
turbance of greater or less magnitude in the course of effi- 
ciency. Varying conditions of health and sickness, differences 
in strength and endurance, and changes in external conditions 
may to some extent, modify the normal ebb and flow of effi- 
ciency. 
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This section, then, has given us: (1) A cine to the causal 
factors underlying the normal variations in efficiency; (2) an 
interest to discover how closely the course ,of efficiency in 
various mental and physical functions may resemble that of 
sleep and the vital activities; and (3) a caution that all modi- 
fying factors should be carefully taken into account. 


Ill 

Sources op Error with Regard to Material and Method 

1. Practise Effects. — ^With any form of mental function, im- 
provement due to practise is in most cases very large and in all 
eases it is noticeable. The diurnal variations of efficiency will, 
of course, be complicated with the progressive increase of 
efficiency due to practise, unless the latter factor is entirely 
cancelled or taken into account by some accurate means. It 
seems that the results of much experimental work, otherwise 
admirable, on the diurnal course of efficiency, fatigue, and 
kindred problems are rendered altogether of doubtful value 
because the effects of practise were not taken into account or 
were estimated and eliminated imperfectly. This point is too 
well known to need emphasis, but, in the work of various 
investigators which will be reviewed later, it has been so often 
neglected as to make it appear that their results should be 
accepted with caution. 

2. Unequal difficulty of texts where a given test must be 
repeated with the same subjects. This difficulty, that of working 
out a series of equally difficult texts, is in some cases very grave. 
If in this form of work the subjects were to work at each suc- 
ceeding hour with a different text, differences of considerable 
magnitude might often appear, which should be attributed solely 
to the greater ease or difficulty of the various texts. This diffi- 
culty is more serious in the Completion Test/^ for example, 
than in arithmetical tests. 

3. Individual Differences. — Individuals differ in ability in 
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different mental functions as well as in the amount and rate of 
improvement from practise. Investigations which employ differ- 
ent groups of individuals for different steps in an experiment 
are subject to the difficulty of securing groups of identical abil- 
ity, and of identical capacity for improvement. Thorough pre- 
liminary tests will greatly reduce this uncertainty, but will not 
in all cases entirely obviate it. The better plan would be to 
have the same subjects for all the tests, and to have the number 
sufficiently large to mask the effects of a few striking individual 
differences. 

The factors just considered are by no means the only ones 
which are encountered in experimental work of this kind, but 
they are the ones which loom largest among the sources of diffi- 
culty. Other factors will be brought up and discussed as occa- 
sions arise. 


IV 

General Method op Experimental Procedure 

In order to eliminate as far as possible the effects of prac- 
tise, of differences in texts, and of differences in individual 
ability, the method now to be described was employed. 

A class, consisting of about forty pupils on the average, was 
divided into five sections or squads, the number of the squads, 
for reasons which will be evident, being made equal to the num- 
ber of hours in the school day. Bach squad thus consisted of 
about eight pupils, and the personnel remained unchanged dur- 
ing the series of experiments. In the tests which required a 
different text for each experiment, five forms were used. A par- 
ticular squad was given the tests but once each day, so it will be 
seen that in order to complete the round of hours, five full days 
were required to complete the experiment for any one class. 

In detail, the work was conducted after the following man- 
ner : At 9. A. M. squad A was taken to a separate room and given 
Text 1 of all the tests, i. e., arithmetic, memory, etc., in a definite 
order which was preserved throughout the entire investigation. 
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At 10 A. M, squad B was given the same tests; at 11 a. m., squad 
C; and so, on through the day. The time required to complete 
at^ each sitting the entire eight tests given to each squad was a 
trifle less than half an hour. Consequently two classes could be 
handled each day by taking the squads from one class on 
the hours, 9 a. m., 10 a. m., etc., and those of the other at the 
half hours, 9 :30 a. m., etc. This method was used throughout 
the work. On the succeeding day each squad worked one hour 
later than on the first day, the same progressive change being 
made on each succeeding day until each squad had worked at 
all the hours. A different text, of course, was used each day. • 

The table on page 23 may help to make the plan clear. 

Each squad, it will be seen, works at all the hours, at one 
hour on each of the five days. Each squad completes all of the 
texts. Consequently the factor of differences in individual abil- 
ity is avoided, for at each hour all of the students have been 
tested, and no one more than once. Practise effects are elim- 
inated because the sum total of practise effects for any one hour 
is the same as for any other. The errors arising from differ- 
ences in the difSculty of the texts are avoided, for each hour 
has to its credit one group working with each of the five texts. 

The influence of pure fatigue, to whatever extent it may exist 
as produced by the regular work of the school, could not be 
avowed. There might have been some advantage in taking for 
subjects children who, previous to the hour of the test, had not 
been employed in physical or mental work of any sort; but such 
a program was impossible. The results, then, will show the 
variations during the day modified by the actual fatigue of the 
regular school work of the day, and perhaps for practical pur- 
poses such a measurement of efficiency will be of more value. 

Thinking, however, that there might be much truth in the 
opinion of Thorndike^^ and others, that feelings of fatigue, 
ennui, loss of interest and the like are, in actual schoolroom life 
responsible to a greater extent for diminution of efficiency than 

31 Thorndike, E. L., “Mental Fatigue”, Psych. Rev., vol. 7 (19001 
pp. 467-482, 547-579. ’ 
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is fatigue itself, it was thought desirable to eliminate such fac- 
tors as far as possible.^^ This could be done only by creating such 
an interest among the pupils that those unpleasant feelings 
would for the time be absent or forgotten. As far as could be 
judged from appearances, this was accomplished. A very keen 
competition between individuals and between squads developed 
immediately, and there is every reason to believe that their work 
represents very nearly the best they were capable of doing. 

Aside from pure fatigue, there are other possible factors 
whose effects could not well be avoided. Experimental research 
has produced considerable evidence that variations in efficiency 
occur during the week, the general indication being that the 
earlier days of the week are more favorable for mental work 
than the later.^^ Such a rhythm cannot, on account of the 
nature of the data in this research, be taken into account. Even 
if it be true, however, that one is more efficient on Monday than 
on Friday, it does not necessarily follow that a difference in 
the diurnal rhythm would result. The same might be said of 
the variations in efficiency which are said to occur during the 
year.®^ Mental work is said to be at its best during the months 
of October, November and December, and to decline in January, 
while physical efficiency reaches its maximum in the summer 
months. The present inquiry should show, at least, the nature 
of the daily variations in efficiency during the months of Decem- 
ber, January, and February which persist in spite of the influ- 


32 Miller, W. S., Journ, Ed. Psych., vol. 4 (1913), p. 241, in a review 
of “A Study of Mental Fatigue in Relation to the Daily School Pro- 
gram'" (1913), by W. H. Heck, seems to believe that the tests there 
given by Heck are hardly adequate as an indicator of fatigue, because 
the high interest, which was apparently taken in the experiment made 
the activity one of recreation. To the present work, which aims to 
determine the time when children can actually do the most and best 
work and not the time when they feel like doing it, such a criticism 
could hardly apply. 

33 See Kemsies, F., “Arbeitshygiene der Schule auf Grund von 
Ermiidungsmessungen”, in Schiller-Ziehen Sammlung von Ahhand-- 
lungen aus dem GeMet der Pcidagogischen Psychologie und Physiologie, 
vol. 2 (1898), p. 64. 

34 For a summary of results bearing on this point see Meumann, E., 
Vorlesungen zur Einfuhrung in die Experimentelle Pddagogik (Aufl. 
1911), Bd. I, S. 126-132. 
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ence of the weekly or yearly rhythms, and in so doing may throw 
some light on the nature of the more extended variations. 

The work of Winch has shown slight variations from the 
normal course of efficiency in the case of children who rise very 
early and do a considerable amount of work before school.^® To 
discover such exceptional cases, as well as to obtain other in- 
formation concerning the life and habits of the subjects, answers 
to the following questionaire were obtained : 

1. Name of subject. 

2. Address (number and street of residence). 

3. Number of blocks from kome to the school. 

4. Does the subject walk, ride, etc., to school? 

5. Age. 

6. Amount and kind of outside work, if any, and time of doing it. 

7. Time of going to bed. 

8. Time of rising. 

It was found that the hours of retiring and rising were on 
the whole quite regular, although the number of hours of sleep 
varied somewhat. It appeared however that most of the pupils 
obtained all the sleep they needed. 

In this connection the data on the sleep of school children 
gathered by Terman and Hocking might be mentioned.^® These 
investigators found in data from 1350 pupils varying in age from 
six to eleven years, that between the child’s nervous traits and 
his sleep, between sleep and social status of the home, and 
between sleep and intelligence and school success, ‘Hhere was 
practically no correlation, either positive or negative. This was 
true for every school subject and for every age.” (p. 200.) 
This lack of correlation may be due, as Terman suggests, to the 
possible fact that most children sleep more than is necessary, or 
‘‘that large quantitative differences in sleep may be fully offset 

35 Winch, W. H., “Mental Fatigue in Day Children as Measured by 
Immediate Memory”, Journ. Ed. Psych., vol. 31 (1912), pp. 18-28. 
Also, “Mental Adaptation During the School Day”, ibid., vol. 4 (1913), 
pp. 17-71. 

36 Terman, L. M., and Hocking, A., “The Sleep of School Children: 
Its Distribution According to Age, and Its Relation to Physical and 
Mental Efficiency”, Journ. Ed. Psych., vol. 4 (1913), pp. 138-147, 199- 
208, 269-282. 
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by qualitative differences.” These results give us considerable 
assurance that there is little need to fear a large disturbance in 
the diurnal course of efficiency, due to the early setting-in of 
fatigue or early development of ennui because a particular child 
sleeps considerably less than does the average. 

It is however, important to know concerning those indi- 
viduals who sleep least, whether the sleep was cut off by early 
rising or by going late to bed; and, in the former ease, what 
activities the child engaged in before the opening of school. 
As mentioned above, Winch in his investigations found that in 
the ease of those children who arose very early and did a large 
amount of work before school, the hour of greatest efficiency 
during the forenoon was shifted considerably toward an earlier 
point in the morning. This may be due to two things*. (1) The 
early workers by the time of the opening of school are more com- 
pletely awake and better adapted to work, '^have got into the 
harness,” in short. (2) The effect of the longer hours of work 
(especially since the pre-school work is physical) results in ren- 
dering the children more susceptible to fatigue and feelings of 
fatigue in the later morning hours. 

Such being the case, the records of the pupils were examined, 
with the result that only a very few were found who arose espe- 
cially early and did a large amount of outside work before school. 
For the sake of greater accuracy, the work of these exceptional 
children was withheld from the final computations. 

No definite information could be obtained concerning the 
effects of early morning work, by computing and comparing 
with those of the other subjects the results obtained from the 
few who arose early. Partly responsible for this is the fact that 
a comparison of the work of particular individuals in this series 
of experiments is very difficult and uncertain ; because with any 
two individuals, unless they happen to be in the same squad, the 
results at any hour are confused with the effects of differing 
amounts of practise. 

Taking together, however, the results obtained by Ter man 
and Hocking and those of Winch it appears that the length of 
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time the child is awake before school, and the amount and kind 
of work done in that time, and not the mere amount of sleep 
obtained during the night, are the factors having an influence 
upon the course of efficiency. Consequently, the data from those 
pupils who went to bed late but also arose late, even though they 
obtained on the whole a relatively small amount of sleep, were 
not discarded. 

A general average shows that the pupils sleep about ten 
hours ; the younger ones, as a rule, sleep a little more than this, 
and the older ones a little less. Naturally individual differences, 
of greater or less magnitude, occur. The majority go to bed 
between 8 and 9 p. m., although many retire much later. The 
larger number rise about 7 o’clock, a few at 6 or 6 :30, and many 
at 7 :30, 8, or later. A few boys were found who arose at 5 :30 
and were at their posts with newspapers or in other work by 6. 
The average child spends the time before school in leisurely 
work — in housework, chores”, the practise of music, fancy 
work, making toys, etc., and in different forms of play. 

With regard to differences between schools, the greatest regu- 
larity of retiring, of rising and of hours of sleep was found to 
be among the pupils of School ‘‘E,” the opposite extreme being 
at School ‘‘W,” with School ‘‘L” between. No differences of 
any consequence appear, however. 

A glance at the figures showing the distances at which the 
pupils live from the school made it evident that the differences 
were insufficient to cause a perceptible variation in the results. 
Most of the pupils, naturally, come from the immediate neigh- 
borhood of the schools (within a radius of ten blocks) and nearly 
all the pupils who came a greater distance travel by street car, 
on bicycles or on roller skates. Moreover, most of those who 
lived nearby arrived at school early and took vigorous exercise 
in games. 

Further information concerning the pupils was obtained 
from the teachers, who answered the following questions: 

1. Is the pupil bright or dull, on the whole? 

2. How does he rank in the particular subjects? 
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3. Is lie lazy or energetic? 

4. What is his disposition? 

5. What physical defects has he? 

With, the aid of the information hereby gained, in addition 
to notes kept by myself during the work, justification was found 
for discarding the data of a few subjects. A close watch was 
kept upon the work of the pupils at all times, and since there 
were at most but eight subjects in a group, this could be done 
quite well. Any attempt on the part of a pupil to copy from 
another, any loafing, any use of improper methods of working — 
in fact, almost any failure to work according to directions — 
could be almost instantly detected. It was very pleasing, as 
well as fortunate, to discover that such ‘ ^policing was almost 
entirely unnecessary, and that such violations of method as oc- 
curred were in nearly all cases unintentional. 

However, all factors which might result in unreliability of 
the data were urgently sought. When, for any reason, the work 
of a subject at any particular time was thought to be unreliable, 
the work of that student in that form of test was thrown out in 
whole. 

The following are the chief factors which seemed to justify 
discarding a subject’s work: 

(1) Absence from one of the tests . — ^In case a pupil was 
absent from school for one or more days, the entire work was 
discarded. This was essential because in subsequent tests the 
pupil would have been a day or more behind in practise. In ease 
a pupil missed one or more, but not all, of the eight different 
tests given on one day, the data of the particular tests missed 
was thrown out for the whole series. The absentees, however, 
on returning were allowed to continue the tests, although their 
work was not used. This was done merely to avoid all possibility 
of creating an ill feeling among the pupils. 

(2) Copying from others or using unfair piethods of any 
sort . — Such occasions, as I have said, were very rare. But 
where they occurred, only the data for the test in which the 
pupil was ‘‘caught in the act” were discarded, and not only for 
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that day but for all days. More conunon, but also very few, 
were the cases in which the pupils unintentionally used a wrong 
method. A few, for example, subtracted the multiplication 
problems or rushed through the drawing test too heedlessly. 
The work of such pupils was thrown out entirely for the form 
of test in which the mistake occurred. 

(3) Lack of interest or loafing. — Occasionally a pupil from 
lack of interest or less worthy motives, felt inclined to be balky, 
to loaf or to ‘‘quit’’ for a moment in the midst of a test. Such 
work was thrown out in whole for the test concerned, but in 
every ease the subject was brought back into good working order 
and the results in all the other tests were used. 

(4) Mental defectives. — Several students were found who 
seemed, in the test work at least, to be distinctly below the nor- 
mal in ability. Conferences with the teacher was held with 
regard to such pupils, and in every ease they were found to be 
below the normal in the work of the schoolroom. The work of 
such pupils from all the tests was thrown out, although they 
were allowed to complete the work. In some cases pupils of 
average — ^indeed often of more than average — ability in most 
of the functions tested, made almost a complete failure in others. 
This was most noticeable in the case of the “completion test,” 
foreign students, especially Chinese and Japanese, being gen- 
erally unable to do the work there required. But only where 
the results were of such decidedly inferior quality that the 
amount produced was insufficient for adequate quantitative 
treatment, were they discarded. 

(5) Physical defectives. — few students were afflicted with 
myopia and other defects of sight, a few were weak from pre- 
vious illness, and occasionally a pupil was handicapped by a 
bruised or cut hand, or by other minor accident. "Whenever 
such defects were of a nature to interfere with a maximal per- 
formance, the data were excluded. 

On the whole, the subjects were normal and their results 
were trustworthy. The total number of students in most classes 
was, as I have already said, from thirty-eight to forty. Of 
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these, the data of from thirty-three to thirty-eight appear in 
the final results. Of those which were discarded, the cause, in 
the majority of cases, was absence from school at one time or 
another during the course of the work. 

V 

The Subjects and Their General Home and School 
Environment 

The subjects used in the investigation were pupils of the 
High and Low Sixth^^ Grades of two, and the pupils of the 
High Pifth^® and Low Sixth Grades of a third Berkeley gram- 
mar school. 

The three schools where the tests were made were situated 
in different parts of the city and the pupils were drawn in each 
case from a different neighborhood. School “E”, the pupils of 
which were tested first, is filled with children who for the most 
part come from the homes of well-to-do business and profes- 
sional men. The school itself is well fitted and ventilated ; is 
provided with fairly ample playgrounds; and on the whole is 
considered among the best schools of the city. 

In this school, the sewing-room on the lower floor was used 
for the experimental work. Abundant light was furnished by 
series of windows on two sides of the room and the room was 
kept at a moderate temperature by means of a hot-and-cold-air 
ventilating system. The room was spacious and each student 
was allotted a small table and chair for the work. The room 
was almost entirely removed from disturbing noises or distrac- 
tions of any kind. 

The first two days of experimental work at School ‘‘E” 

37 The “low” Sixth means the first half and the “high” the second 
half of the sixth school year or grade, the one class being just a half 
year in advance of the other. 

38 The High Fifth Grade was used at School W, because the High 
Sixth was not available for the work. The age of the pupils of all 
the schools varied from nine to fifteen years, the average for the Low 
Sixth being eleven and a half to twelve, for the High Sixth twelve to 
twelve and a half years. 
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(December 3 and 5, 1913), were somewhat cold in the early 
morning, the night before having in each ease been nearly chilly 
enough for frost, but the days rapidly became moderately warm. 
The final three days of work, on account of examinations in the 
school, had to be postponed until December 10, 11 and 12. 
All three days were very disagreeable, with continuous heavy 
rain. The room, in which the tests were conducted, however, 
was warm and comfortable. 

Since it is possible that the kind of work done by the pupils 
immediately before the tests may, on account of adaptation 
favorable or unfavorable, or for other reasons, have an influence 
on the result of the tests, the schedule of exercise is given below 
for those days during which the tests were given. 

Schedule of Exercises of the Low Sixth Grade, School “E"39 

9-9 : 30 A, M. 10 : 10-10 : 40 a. m. 10 : 40-11 a. m. 11 : 10-11 : 25 a. m. 

Arithmetic Grammar Study Spelling Spelling 

11 : 25 A. M.-12 M. 1-1:30p, M. 01:30-2 p. m. 2:10-3 p.m. 

Music and Study History Reading Geography and Study 

Eecesses occur from 10 :00-10 :10 a. m., 11 :00-ll :10 a. m. and 
from 2:00-2:10 p. m. An intermission of one hour is given 
between 12 and 1 o’clock. On the first two days (December 3 
and 5) , the weather being fair, the pupils played at various play- 
ground games during recesses. On the last three days, which 
were stormy, indoor games were played in the basement. 

The pupils of the High and Low Sixth Grades of School 
‘Hj”, which is situated in the southern part of the city, were 
subjects for the experiments from February 3 to 12. School 
^ ‘ L ” draws its pupils chiefly from the homes of moderate means 
— of business people and skilled laborers. Aside from home 
‘^chores” and the like, very few of the subjects were doing out- 
side work of any kind. 

39 Unfortunately, the copy of the program of the High Sixth Grade 
of this school was lost and owing to the fact that the teacher left in 
January, another copy could not be obtained. From all that could be 
learned, however, it seems to have been essentially the same as the 
above. 
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The school itself is very well fitted, lighted and ventilated; 
and there is ample opportunity for playground recreation. The 
experiments were conducted in a small library-room, which was 
well lighted and ventilated, the long table and chairs furnished 
for the work being entirely satisfactory. 

Following is the program of studies for the days during 
which the tests were given : 

Schedule of Exercises of the High Sixth Grade, School “L” 

9-9 : 30 A. M. 9 : 30-10 a. m. 10 : 10-10 : 40 a. m. 10 : 40-11 a. m. 

Geography History Music and Writing Spelling 

11 : 10 A. M.-12 M. 1-2 p. M. 2 : 10-3 P. M. 

Arithmetic Drawing Physical Culture, Gardening 

and Language 

Schedule of Exercises of the Low Sixth Grade, School *'L” 

9-10 A. M. 10 : 10-10 : 40 a. m. 10 : 40-11 a. m. 11 : 10-11 : 40 a. m. 

Arithmetic Study Spelling Music and Writing Language 

11 : 40 A. M.-12 1-1 : 40 p. m. 1 : 40-2 p. m. 2-3 p. m. 

Reading Geography Spelling Drawing and Physical 

Culture 

The days on which the experiments were conducted at this 
school were Tuesday, February 3 ; Thursday, February 5 ; Tues- 
day, February 10; Wednesday, February 11, and Thursday, 
February 12. The first four days were warm and sunny; the 
last day was pleasant save for a few light showers which were 
not sufficient to prevent the children from spending their reces- 
ses out-of-doors. Three ten-minute recesses are given at this 
school; one each at 10, 11 and 2 o’clock. 

School ^^W”, in which the last series of experiments were 
conducted, although in a different part of the city, is situated 
in a general environment similar to that surrounding School 
“L”. The pupils come chiefly from the families of moderate 
means — of business men and laborers. Several foreign students, 
chiefly Chinese and Japanese, were among the pupils of this 
school. They were found, however, to be among the best, both 
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in their school-work and in the tests with the exception of the 
‘‘completion test^\ As was said, it was generally found neces- 
sary to discard their results in this one test. 

School “W” at this time was very crowded, in fact the two 
classes tested were housed in two temporary single-room build- 
ings which had been erected on the playground. Aside from 
this, the small buildings were comfortable, with light and air in 
abundance. On days of excessive heat, however, the children 
worked in their regular classes under some difficulty, and al- 
though the experiments were conducted in the earlier half of 
March, the afternoons of the two last days of the work were 
quite warm. 

A small room fitted with ten regulation desks, on the second 
fioor of the main building, was used for the testing. Everything 
was satisfactory, the situation of the room affording protection 
from the heat on the two warm days. 

The experiments were conducted at this school on the fol- 
lowing days : Thursday, March 5 ; Friday, March 6 ; Tuesday, 
March 10 j Thursday, March 12, and Friday, March 13. The 
first three days were warm and pleasant; the last two, as has 
been said, were a little too warm for comfort. 

The schedule of exercises is given below : 

Schedule of Exercises of the High Fifth Grade, School “W” 

9-10 A. M. 10:10-10:30 A. M. 10:45-11:30 A. M. 11:30 A. M.-12 m. 

Arithmetic Reading Geography Writing 

1-1 : 30 p. M. 1 : 30-2 p. m. 2-2 : 30 p. m. 2 : 30-3 p. m. 

Drawing Grammar and History Spelling 

Composition 

Schedule of Exercises of the Low Sixth Grade, School “W'* 

9-10 A. M. 10-10 : 30 A. M. 10:30-11 A. M. 11-11 :30 a.m. 

Arithmetic Spelling Grammar History 

11 : 30 A. M.-12 M. 1-1 : 30 P. M. 1 : 30-2 p. m. 2-3 p. m. 

Geography Music Study and Reading Study 

Differing from the other schools visited, but one recess is 
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given in the moniiiig at Heh«>«>l *‘K'\ a tm mujutf* 

10:30-10:40 A. M., aud no ia ihinnvr oifti*riaioa 
session. 


VI 

Materials, Mkthoos. ano Kr^t lts ui** riii: 

1. in Jdi/ilooi 

(1) Material d'omjnitHlioii IohIh Iuiv«’ fav- 
orites in many lines of experiiueiitnl work. m futiinir, 

mainly because tlu^y demnml the exerei**#^ of n voro t) of 
proceases. In fact* arithmetical tcsN huvi^ not srldom Wm 
sidered as a fair test for general tiiental *‘tVe‘ 0 ‘io'v , At tio’ priS’ 
ent time, however, they are not eonshlered as ntu-h, Imt inen^ly m 
a measure of effleieney in a rather cliftienit an»l |»raclical ^irt ol 
mental activity. 

The solution of problemH in ndtlitn»n u*ii r 

dependent chiefly upon the activity and a*’eurn» > \uf wind 
certain associative priH^eHses are i-xeeut^’d, Att*ntion> Hcriwi 
inatiou and memory are of eourse involvc*l. and in Ih* iiw o' 
written work other .subsidiary proees-scH, such an vs uml 
tion and motor activities. Investigator^ hav** nuMh* ♦•vtcnHtvi 
use of such computation tests in attempts to d- tenmne thi* eurvi 
of fatigue, mental cniciency. and the work I’tirvo ? Arhcit.skurves 
Among the many are Bellei. Burg«*rstidn, Mhlonglmus, l»*ru dricl 
Heck, Holmes, Keller, KeniHifs, hasar, Marsh. Si hul/**, Tcljii* 
nik, Thorndike, Kraepelin ami his stdiiatl. and Wnich 

Since it was desirable in this investigation to havr th aritli 
metical tests as similar as possthh* to th*- iMiua! v%ork *i tli 
school, the written form of uthlition has li»s n u^cd, h^ort prol 
lems, five rows of eight prohlenis each, vv*tc pnnt*sl in poui 
type on a sheet 8t/j by 11 inches. A vertical ruUunu » thr* 
2-place numbers constituted a problem. Th»- n prt itjoii «d til 
same di^ts in a miigle eolumn wiis uvuit|.-i| 
were made, in Keneral, of jih uohpI.v I'ljunl n t 

Five different texts of the sjune sort wen- nni.l.-, ihni I Jo- tul 
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jects worked with a new set at each of the five tests which they 
went through. A portion of the problems from the first text is 
printed below: 


ADDITION. SET 1 


46 

91 

42 

23 

45 

25 

48 

93 

85 

89 

38 

18 

76 

73 

83 

57 

24 

13 

99 

87 

18 

64 

76 

19 

47 

28 

• 25 

99 

49 

19 

46 

23 

93 

56 

36 

85 

56 

28 

75 

38 

86 

34 

83 

58 

84 

75 

87 

99 


(2) Details of the method of conducting the tests. — The 
papers were placed face downward on the subjects' desks and 
the following instructions were given: ^‘On these papers are 
printed a number of very simple problems in addition. When 
the signal is given, you are to add up the problems as quickly 
and accurately as possible. Be careful about making errors ; do 
as many problems in the time allowed as you possibly can. ' ' 

At the signal ^‘Eeady", the subject took the right edge of 
the paper (which was face downward) with his left hand, hold- 
ing the pencil ready for action, in the right. At the word “ Go " 
the papers were quickly turne^ over and the work of comput- 
ing started. Two minutes were allowed for the test, time being 
kept with a stop-watch. The signatures, date, hour and class 
were written on the paper after the completion of the test. 

(3) Treatment of data and computatimi of results. — The re- 
sults were scored by giving a credit of 1 for each single column 
correctly added. For an accurate solution of one whole prob- 
lem, manifestly, a credit of 2 was obtained. This method was 
used, because it was often found that a mistake in the first 
column of a problem caused an error in the second column due 
to the ^‘carrying" of an incorrect amount, and by the use of 
this method the mis-counting of such errors could be avoided. 
It is evident, however, that to allow the same credit for the 
correct addition of the first as for the second column is not 
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strictly right, for in the second column four digits are added, 
i. e., the three in that column and the one ''carried over’’ from 
the first. For the present purpose, since the effect at all the 
hours was the same, the method seems to be accurate enough. 

The results given below show the average number of columns 
added at different hours of the day. The results, to be more 
exact, show the average of the averages of the five squads for 
each of the hours. The work of many students, for various rea- 
sons which have been cited, was rejected and qften the number 
of subjects finally remaining in some squads was much less than 
in others. Since, considered from the point of view of any par- 
ticular hours, the practise effects of each squad differed frorc 
every other, to permit the results of a squad including a greatei 
number of individuals to enter the final average with full weight 
would distort the figures in a degree amounting to the averag< 
difference in efficiency due to the greater amount of practise o 
the one over the other. This overweighting was prevented 
averaging each squad separately and then making a final aver 
age of those of each of the five groups. 

TABLE I 

Showing the Average Number of Columns Added by ClaSvSEs at Di; 

FERENT Hours of the School Day^o 


Class *9 A. M. 10 A. M. 11 A. M. 1 P. M. 2 P. M. 

E. a6 32,04 32.54 32.94 32.34 32.74 

L. a6 28,32 29.84 30.06 29.46 29.82 

W. a5 26.76 26.92 27.60 27.28 27.40 

9 : 30 A. M. 10 : 30 a. m. 11 : 30 a. m. 1 : 30 p. m. 2 : 30 p. i 

E. b6 29.20 29.66 29.88 29.32 29.58 

L. b6 25.98 26.04 26.96 26.50 26.62 

W. b6 31.90 33.32 34.02 33.26 33.26 

Average of six 

classes 29.03 29.72 30.24 29.69 29.9C’ 

Average efficiency, 

per cent 100, 102.4 104.2 102.3 103. 


*In this and the following tables, the time given is approximate 
the time the test was begun. 

4nSince one credit was given for each column added, the numbe 
in the table equal twice the number of problems correctly solved. 
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(4) Results ."^^ — For addition, the tables and figures show a. 
marked and steady increase in efficiency from the first to the last 
morning hour, where the maximum occurs. Following the lunch 

9-10 A. M. 10-11 A. M. 11 A. M.-12 M. 1-2 P. M. 2-3 P. M. 


S a6 


L a6 


W a5 


E b6 


L. b6 


W b6 


Av. 


Fig. 2. Showing variations in efficiency for addition at different hours 

of the day. 

hour, a decided drop is noted and a final upward movement of 
efficiency during the last afternoon hour. The curve, in its gen- 

41 It is to be understood in this and in subsequent sections that 
when an hour or period (9 a. m., etc.) is spoken of, it includes all 
tests given from that hour to the one following. Thus the 9 a. m. 
period extends from 9-10 a. m., etc. 
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eral form, is alike for all the six classes. In every ease the mini- 
9 A. M. period, with the maximum occurring in 
the 11 A. M. period. The 2 p, m. period is generally, but not 
always, higher than the 10 a. m. period in point of efficiency. In 
all cases, a drop occurs at 1 p. m. as compared with 11 a. m . or 
2 p. M., with the exception of class W. b 6,^2 ^tich the effi- 
ciency for the two afternoon hours is identical. 

On the whole, the curves of efficiency in addition for chil- 
dren of six different groups, in three different schools, living 
under somewhat different environment and produced under dif- 
ferent weather conditions, show a striking resemblance to one 
another and to the average curve. 

A discussion of these results in comparison with those of pre- 
vious investigators will be presented in the next section in con- 
junction with those of multiplication. 

2. Tests in Multiplicatim 

(1) Material used . — -As in the addition test, written prob- 
lems of a simple form were used. The problems were printed 
on a page, size 8^ by 11 inches, containing six rows of nine 
problems each. Each problem consisted of a 2-place multipli- 
cand and a 1-place multiplier, made by combinations of all the 
digits except 5 and 0, which were omitted on account of the 
greater ease with which they enter into computations. Five 
different texts, one for each performance was prepared. A 
portion of the problems from the first text is appended : 

MULTIPLICATION. SET 1 


26 

39 

42 

63 

74 

93 

87 

48 

36 

7 

4 

9 

3 

7 

8 

6 

3 

4 

28 

96 

47 

64 

39 

23 

34 

43 

63 

3 

4 

6 

7 

8 

9 

8 

9 

7 

— 

— 

— 

— 

— 

— 






47 

98 

87 

34 

83 

96 

46 

34 

26 

6 

4 

3 

6 

4 

3 

7 

8 

c 

— 

— 

— 

— 

— 

— 

— 






42 The letter h is used here and will be used hereafter 
the 'low*' and a to designate the “high*» class of a grade, 
■means the Low Sixth G-rade of School "W”. 


to designat« 
Thus W. 61 
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(2) Details of the method of conducting the tests . — The 
method used in this test was essentially the same as that em- 
ployed in the addition test, just described. Two minutes time 
was allowed for the test. • 

(3) Treatrnent of the data and computation of results . — The 
method of scoring results was similar to that used in the case of 
addition. A credit of 1 was given for an accurate computation 
of each of the two separate processes involved in the problem; 

TABLE II 

Showing the Average Score Received in Multiplication at Different 
Hours of the Day* 


Class 9 A. M. 10 A. M. 11 A. M. 1 P. M. 2 P. M. 

E. a6 40.36 41.16 43.72 41.00 42.82 

L, a6..... 36.42 37.30 38.01 36.52 37.42 

W. a5 34.92 34.90 36.16 34.74 35.66 

9:30 A. M. 10:30 a. m. 11:30 A. m. 1:30 P. M. 2:30 P. M. 

E. b6 36.14 36.90 37.78 37.14 37.16 

L. b6 31.48 32.24 33.64 31.98 32.14 

W. b6.... 36.06 36.88 37.16 35.82 36.62 

Average for six 

classes 35.89 36.56 37.74 36.20 36.97 

Average efficiency, 

per cent 100. 101.9 105.1 100.86 103. 


*To obtain the number of problems correctly worked, divide these 
numbers by two. 

thus a whole problem accurately computed would be credited as 
2. Erroneous answers in the second half of the problem, due to 
the carrying over” of a wrong number which resulted from 
the mistaken computation of the first part, would not be counted 
against the subject. 

(4) Results . — ^The final results were computed, as in the case 
of addition, by taking a final average of the averages of each of 
the five squads. The table below is given in the form of the 
average number of credits obtained, which amounts to twice the 
actual number of problems actually worked. 

The course of efficiency for multiplication is in all essentials 
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9-10 A. M. 10-11 A, M. 11 A. M.-12 M. 1-2 P. M. 2-3 ; 



Fig. 3. Showing the diurnal course of efficiency in multiplication. 


the same as that for addition. There is, however, somewhat 
greater variation among the individual classes, and the varia- 
tions from the average curve are slightly greater. The mini- 
mum efficiency is found, with two exceptions (W. a5 and W. b6), 
at 9 A. M. ; the maximum of efficiency is found to be in all cases 
at 11 A. M. Class W. a5 is different from the other classes in that 
it fails to show a superiority of 10 a. m. over the 9 o’clock hour. 



1916] 


Gates: Variations in Efficiency 


41 


The average superiority of 5.1 per cent which the maximum 
hour shows over the minimum in multiplication, is 0.9 per cent 
greater than the same diiference in the case of addition. The 
one other difference noted between the average curves for the 
two forms of computation is, that addition shows a higher effi- 
ciency at 1 p. M. 

(5) The diurnal course of efficiency found iy previous inves- 
tigaiors in computatian-functians. — Roemer,^-^ as reported by 
Weygandt, in experiments of eight days’ duration, on the effects 
of food, using half-hour addition tests on alternating days with 
and without breakfast, found the following results, which are 
given in percentages of the efficiency shown at the first hour: 

With Food \ f Without Food > 

9 A. M. A. M. 11 A. M. 12 M. 9 A. M. 10 A. M. 11 A. M. 12 M. 

100 97 91 89.5 100 87 84 90 

In either case, a steady decrease in efficiency is shown dur- 
ing the forenoon. These results stand in striking contrast to 
my own and to most of those which follow. 

The extensive work of Thorndike^^ on mental fatigue may be 
briefly alluded to here. Experiments were conducted upon 
adults and children at different times of the day, both when 
the subjects were fresh and well rested and when they reported 
feelings of fatigue. In school-room work at Cleveland, Ohio, and 
at Scranton, Pennsylvania, 750 pupils were tested in multiplica- 
tion, a half of the number just after school opened and the other 
half just before the close of school. Thorndike found that the 
latter group did 99.3 per cent as much work with 103.9 per cent 
as many mistakes as the former and fresher group. The con- 
clusions drawn by the investigator were to the effect that feel- 
ings of fatigue are no measure of mental inability and that 
‘^mental fatigue does not come in regular proportion to the 

43Weygandt, “Roemer’s Versuche iiber Nahrungsaufnahme u. gels- 
tige Leistungsfahigkeit”, Psych. Arheiten, vol. 2 (1899), pp. 695-706. 

44 Thorndike, “Mental Fatigue”, Psychological Review, vol. 7 (1900), 
pp. 466-482, 547-579. 
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work done’\ Thorndike’s belief is that boredom rather than 
fatigue is the cause of diminution in work as the day progresses. 
The pupils become tired of work rather than tired by work. 
It will be seen at once that these results differ widely from 
those of Eoemer, just given, but are not greatly different from 
my own. It is possible that the competitive factor — a sure cure 
for feelings of fatigue — ^was less keen in Thorndike’s work, and 
that this may account for the greater efficiency at the later hours 
in the classes I tested. 

Marsh^® in multiplication tests, using 2-place numbers with 
one subject for four days, found the following, expressed in 
time, per centage of errors, and number of mistakes made : 


7 a. m. 

Time P. E. Mis. 

37.6 2.4 .50 

. 1:30 p.m. 
Time P.E, Mis. 

48.0 2.6 .70 


8:30 A. M. 
Time P. E. Mis. 

34.7 1.6 .50 

3p. m. 

Time P.E. Mis. 
45.3 2.6 .83 


10 A. M. 
Time P.E. Mis. 

39.7 2.5 .63 

4:30 p. M. 
Time P.E. Mis. 

41.0 1.8 .60 


11:30 A. M. 
Time P. E. Mis. 

41.8 1.7 .50 

6 P. M. 

Time P.E. Mis. 

47.1 2.4 .71 


A morning maximum is shown, with the afternoon hours at 
a low ebb of efficiency. This curve, however, is that of a particu- 
lar individual, a university graduate student, whose habits of 
life may loom large among the factors here at work. 

The same writer, however, in tests of addition using ten 
columns of fifteen figures each, with a larger number of sub- 
jects, found quite different results, as the following table will 
show: 


46 Marsh, H. D., op. cit., p. 54. Pp. 1-99. 
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The maximum is found in the midday period followed by a 
decrease of a little over three per cent from 5-7 p. m., the mini- 
mum occurs in the morning period. Accuracy follows the same 
course as vspeed. In a general way, the course of eflSciency here 
is similar to those shown in Table II. 

Marsh’s revision of Eice’s tabulations of results, obtained 
from examinations in arithmetic of the students in thirty-eight 
schools in several cities, shows that the schools examined in the 
morning show superiority over those examined in the afternoon. 


Morning: 

Average of eight schools 


Afternoon: 

Average of eight schools 


Work 

Principle 

Mechanical 

Correct 

Correct 

Errors 

60.0 

64.4 

7.4 

Work 

Principle 

Mechanical 

Correct 

Correct 

Errors 

43.7 

49.3 

12.1 


But this difference may be due mainly to differences in the 
ability of the students of the schools tested. Marsh says, for 
instance, “the best cities were tested mostly in the morning, and 
the poorest in the afternoon. ^ 

Winch^‘ in arithmetical tests with two-hour-session evening 
schools has shown that the work done at 8 o’clock is 25 per cent 
better than that at 9 o’clock. Fatigue at the later hour ap- 
peared to have completely masked the effects of improvement 
by practise during the session. A point of interest noted by 
Winch lies in “the complete disagreement of the results with 
those which would have been furnished by a questionaire ” and 
with the opinions of the instructors, who believed that the 
mental capacity of the students improved as the evening wore 
on. They were, perhaps, as Winch suggests, “misled by the 
greater appearances of interest and mental excitement which 
is itself an indication of approaching fatigue.” (p. 17.) 

Other experiments by the same writer upon pupils of one- 

p. 58. 

47 Winch, W. H., “Some Measurements of Mental Fatigue in Adoles- 
cent Pupils in Evening Schools*', Journ. Ed. Psych., vol. 1 (1910), pp. 
13-23, 83-110. 
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at the hours of 9:10 a. m., 11:05 a. m., 1:10 p. m., and 2:30 
p. u. The following table shows the results in percentile dif- 
ferences based on the efficiency of the first period : 

9:10 a.m. 11:05 a.m. 1:10 p.m. 2:30 p.m. 
Quantitative differences .... 100. 101.57 101.64 102.36 

Qualitative differences 100. 98.49 98.59 97.72 

Quantitatively a steady increase and qualitatively a steady 
decrease takes place during the day. 

In a second study, the same investigator tested 573 chil- 
dren, with an average age of 12.55 years, in the fifth, sixth and 
seventh grades of four schools of Lynchburg, Virginia. The 
subjects were arranged in two groups, each of which was tested 
with 25-minute tests, once in the morning between 9 and 10 
o’clock and once in the afternoon (1 to 2 o’clock). Following 
is a summary of the results : 

Morning Period Afternoon Period 


Amount of work done 

22.91 

23.18 

Relative amount done 

100.00 

101.18 

Per cent right 

72.46 

70.23 

Relative per cent right 

100.00 

96.92 


The results here are essentially in agreement with those ob- 
tained from the New York schools. 

In a third study®- Heck employed reason-problems in arith- 
metic (Forms 1 and 3 of the Courtis Standard Test, No. 8) with 
sixteen classes of the high and low sixth grades of a Roanoke, 
Virginia, intermediate school. Twelve-minute tests were given 
at two periods, 9 :25-10 :30 a. m. and 12 :50-l :55 p. m. With re- 
gard to the results, Heck makes the following statement: ‘‘The 
number of examples done in the afternoon was 0.68 per cent 

51 Heck, W. H., “A Study of Mental Fatigue in Relation to the Daily 
School Program,” Psych, Clinic, vol. 6 (1913), pp. 29-34. 

52 Heck, W. H., “A Third Study of Mental Fatigue in Its Relation 
to the Daily School Program”, Psych, Clinic, vol. 7 (1914), pp. 258-260. 
The same results are given under, the title, “The Efficiency of Gram- 
mar-Grade Pupils in Reasoning Tests in Arithmetic at Different Periods 
of the School Day”, Journ, Ed. Psych., vol. 5 (1914), pp. 92-95. 
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greater than in the morning ; the per cent of examples right in 
the afternoon was 3.22 per cent less than in the morning. ’ ’ His 
results are summarized in the following figures: 

Morning Period Afternoon Period 

Examp. Comp. Examp. Right Examp. Comp. Examp. Right 


467 subjects 5.85 4.31 5.89 4.20 

Morning Afternoon 

Relative number done. 100.00 100.68 

Relative number right 73.68 71.31 

Per cent right 100.00 96.78 


The inference Heck draws from his extensive researches is 
given in the words: Normal healthy children of the grammar 
grades, in a hygienic school environment, can meet the require- 
ments of the usual daily school program without injury to them- 
selves or their work.” (p. 95.) 

To compare the figures of Heck with those of the present 
work, only the precentage of problems correctly done should be 
considered, since in the present results, no account is given of 
the total amount of work done. When we consider that Heck’s 
afternoon tests in some cases began as early as 12 :50 p. m. and 
that those of the morning ran as late as 10:30, the results of 
the two investigations seem to be in harmony. The present work 
shows perhaps a slightly greater efiSciency for the afternoon 
hours, and, on the whole, bears out very strongly the conclusions 
stated by Heck in the quotation just given. 

Hollingworth®^ tested fifteen adult subjects for ten days, un- 
der conditions unusually favorable for experimental control. 
Previous practise of more than a week served to bring the sub- 
jects down to the secondary slope of the practise curve. The 
subjects were undergraduate and graduate college students and 
their wives, who were “regular employees, working for wage”, 
and “under oath to do their best.” Seven tests were given in 
series, of which the calculation test was the fifth, at five periods 
during the day. The test consisted in adding mentally 17 to 

53 Hollingwortb, H. L., “Variations in Efficiency During tbe Work- 
ing Day”, Psych, Review, vol. 21 (1914), pp. 473-491. 
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50 two-place numbers in chance order. Following are the aver- 
age results of each of the three groups into which the total 
number of subjects (15) were divided 


7: 

: 45 A. M. 

10 A. M. 

12 M. 

3:10 P. M. 5: 

o 

CO 

Average of 5 men 

100 . 

98.5 

94.5 

93.2 

89.2 

Average of 5 women 

100 . 

98.5 

96.5 

95.1 

92.3 

Average of 5 men (irreg.) 

100 . 

98.6 

100.2 

97.6 

96.2 


Experiments with the same tests upon ten subjects working 
for twelve hours on two days, starting at 10 -.30 a. m. and with 
a rest period 12 :45-l :30 p. m. and another of equal length at 6 
p. M., gave results as follows, expressed in time and percentages 
of error: 


Time 

10:30 M, 

,11:15 a.m. 12 m. 1: 

: 30 P. M. 

2:15 p. M. 

3. p. u. 

Average time.. 

86.1 

84.8 

86.9 

85.8 

86.6 

87.9 

Per cent error 

2.1 

2.8 

2.8 

2.3 

2.2 

2.5 

Per cent effici- 







ency 

100.0 

101.0 

99.0 

100.0 

99.0 

98.0 


The maximum appears in this case at 11 :15 a. m., while in 
the preceding figures, with the exception of the one group which 
showed a high efficiency at 12 m., efficiency was comparatively 
low in the late forenoon. The results of the more extended 
experiments agree fairly well with the results I have obtained 
with school children, but the results of the preliminary experi- 
ments, with longer intervals between hours of tests, are contrary 
to the data here found. There are many reasons, however, 
which might lead one to expect different results from the two 
investigations. In the first place, Hollingworth employed as 
subjects adults, for whom special habits of life might loom large 

54 These figures are estimated from the curves given in the article 
and are stated in percentages of efficiency of each hour compared with 
the first, rather than in terms of relative amount of time as plotted in 

the original. ^ . 

50 The results here are given in percentages of efficiency of every 
period on the basis of the initial performance, rather than in the 
reverse figures (relative amount of time required compared with that 
of the first period) employed by Hollingworth. 

56 Later periods running to 10 : 15 p. m. are not considered here. 
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as determining the course of efficiency. Note, for example, that 
in the more extended experiment, the results of which were 
given last, the group worked continuously until 12 :45 p. m. If 
such were not the custom of the subjects, disturbances in effi- 
ciency would be expected. And if it were their custom, the 
course of efficiency during the hours that follow could scarcely 
be safely compared to the results obtained from children or 
others with entirely different habits. 

Moreover, it appears to the writer that Hollingworth’s tests 
in some cases are so involved with general fatigue and feelings 
of fatigue, and more especially with fatigue from the tests them- 
selves, that an adequate measure of diurnal variations of effi- 
ciency can not be expected from them. In the case of the con- 
tinuous work experiments, the effect of these factors cannot be 
questioned. With regard to the first part of the experiment in 
which the tests were given at each of five periods, Hollingworth 
says ‘^five trials were made daily, each sitting requiring about 
45 minutes’’. He is evidently speaking here of only the seven 
tests which were used for computation in the latter article, for 
in the earlier article, which describes in detail the experiments 
from which the data were obtained, he says ‘‘the subjects went 
through the tests five times a day (each time requiring about one 
hour) 

Fatigue and feelings of fatigue of considerable extent might 
easily result from maximal application to trying work of such 
length. There is, moreover, some evidence from the results ob- 
tained by Hollingworth that this is the case. The functions 
which were first tested show a comparatively high efficiency for 
several hours following the first period, but those functions 
which were tested in the latter part of the series are the ones 
which shortly show a low efficiency relative to that attained at 
the first hour. 

57 “The Influence of Caffein on Mental and Motor Efficiency'", Arch, 
of Psychol, (1912), no. 22, p. 8. 
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3. Tests in Auditory Memory 

(1) Material used . — For a test of auditory memory, series of 

eight digits were used. The following were the numbers em- 
ployed: 4629871 3, 5849376 1, 5978024 3, 

3621489 2, 3846913 7. 

(2) Method of conducting the tests , — Instructions as follows 

were given: am going to read to you a series of eight digits. 

You are to listen attentively and as soon as the numbers have 
been read, write them down on the card in the order in which 
they were given. ” 

The digits were read at the rate of one per second, with an 
attempt to ensure even tempo, clear articulation, and freedom 
from rhythm. This test was always given as the third of the 
series. 

(3) Treatment of data and computation of results , — The re- 
sults were scored by counting the number of digits which were 
correct and in correct position. A digit was considered as being 
correctly placed when it was in a correct relative position, meas- 
ured either from right to left or left to right. This method is 
not as accurate, on the whole, as some of the more complicated 
systems of scoring, but errors developed only on rare occasions 
and since this work is not concerned especially with individual 
results, and demands only that the method should be as fair for 
one hour as for another, it was used because it proved to be 
convenient. 

The final averages were computed by combining the averages 
of the several groups, as in the previous tests. 

(4) Results . — The tables and curves show, on the whole, a 
variation in efficiency similar to that found in addition and 
multiplication. The curves for the various classes, however, 
show considerably greater variations among themselves and 
from the average course. The maximum efficiency appears at 
the 11-A. M. period in four out of the six classes ,* in one of the 
exceptional classes (E. b6) the maximum occurs at 10:40 a. m. 
and for the other (W. b6) , 2 :40 p. m. appears to be the best hour, 
but it is, however, only slightly superior to 10 :40 a. m. The 
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9 A. M. minimum is found in four of the six classes, but a very 
large drop at the 1 o’clock period brings the efficiency of two of 
the classes at that hour to a lower level than is found in the 
morning. In the case of L. a6, the inferiority amounts to 8.1 
per cent ; in the ease of E. b6 to 7.5 per cent. The magnitude of 
these two unusual drops in efficiency was sufficient, notwith- 
standing the fact that the ease was otherwise with the other 
four classes, to bring the general average of 1 p. m. below that 
of 9 A. M. In every case save one (L. a6), 10 o’clock is superior 
to 9 o’clock, and in all eases a greater efficiency is attained at 
the 2 o’clock period than at 1 o’clock. 

The general course of efficiency, as shown by the average 
curve, takes the form of a gradual increase during the forenoon, 
the total improvement during that time amounting to over 
six per cent, followed by a fall at 1 o’clock and a subsequent rise 
until 2 :40 P. m. 

TABLE IV. MEMORY FOR AUDITORY DIGITS 


Showing the Average Number of Digits Correctly Reproduced at 
Different Hours of the School Day 


Class 

9 : 10 A.M. 

10:10 A.M. 

11:10 A.M. 

1:10 P.M. 

2:10 P.M. 

E. a6 

.. 4.75 

4.90 

5.04 

4.94 

4.98 

L. a6 

.. 5.98 

5.92 

6.36 

5.50 

5.90 

W. a5 

. 4,88 

5,44 

5.56 

5.10 

5.38 


9 : 40 A.M. 

10:40 A.M. 

11:40 A.M, 

1 : 40 P.M. 

2:40 P.M. 

E. b6 

. 4.54 

4.92 

4.78 

4.20 

4.68 

L. b6 

. 4.78 

4.96 

5.14 

5.02 

5.08 

W. b6 

. 5.70 

5.88 

5.76 

5.80 

5.90 

Av. of six classes... 

.. 5.10 

5.40 

5.44 

5.07 

5.22 

Average efficiency, 
per cent 

..100. 

105.9 

106.7 

99.41 

102.4 


4. Tests in Visual Memory 

(1) Material used . — A series of eight digits, which were ex- 
posed all at once, was used as a test of visual memory. The 
series used were : 8357046 7, 4631275 8, 5978024 3, 
2798654 3, 4026238 7. These were of black digits 2% 
inches in height, each on a white card 2^ by 3% inches in size 
and the eight in series on a strip of gray cloth. 
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9-10 A. M. 10-11 A. M. 11A.M.-12M. 1-2 P.M. 


2-3 p. M. 


E a6 


Ij a6 


W a5 


E b6 


L be 


VV be 


Av. 



Fig. 4. Showing the diurnal curve of efficiency in memory for audi- 
tory digits. 

(2) Method of conducting the tests The /i j. ■ 

now the stop was quickly drawn taut exposing the di-ite 
he pupils had previously received the instructions “You W 
be shown a series of eight digits which you are to study uTiU 
^«a taken from view. As soon as they are taken from sight 
writo down a, many of them as you can remember on yom 
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giving them in their proper order.’’ The digits were exposed 
for eight seconds and as soon as the numbers had been written, 
the subjects turned their cards face downward. 

(3) Treatment of data and computation of results. — The 
data were treated and the results computed as in the test for 
auditory digits. 

(4) Results. — It is evident that the course of efiSciency for 
memory of visual digits is very similar to that for auditory 
digits. There is, however, less regularity among the groups in 
the case of visual memory. The highest degree of efficiency is 
reached in all classes in the 11 o’clock period, while the mini- 
mum appears in three cases at 9 a. m. and in three at 1 p. m. 
Two o’clock is in three eases superior and in three inferior to 
10 o’clock, the average efficiency in each case being about the 
same. 


TABLE V. MEMORY FOR VISUAL DIGITS 


Showing the Average Number of Digits Correctly Reproduced at 
Different Hours of the School Day 


Class 

9 : 10 A.M. 

10 : 10 A.M. 

11:10 A.M. 

1:10 p.M. 

2:10 P.M. 

E. a6 

. 5.24 

5.40 

5.44 

4.92 

5.32 

L. a6 

,. 6.08 

6.14 

6.16 

5.72 

5.82 

W. a5 

.. 6.08 

5.54 

6.40 

5.54 

5.56 


9:40 A.M. 

10 : 40 A.M. 

11 : 40 A.M. 

1:40 P.M. 

2 : 40 P.M. 

E. b6 

.. 5.26 

5.38 

5.52 

4.94 

5.64 

L. b6 

,. 4.74 

4.88 

5.18 

4.80 

4.86 

W. b6 

5.48 

5.56 

6.14 

5.48 

5.74 

Av. of six classes... 

. 5.31 

5.48 

5.80 

5.26 

5.49 

Average efficiency, 
per cent 

..100. 

103.2 

109.2 

99.06 

103.4 


The curves for auditory and visual memory differ chiefly in 
the smaller increase from 9 to 10 a. m. and the larger increase 
from 10 to 11 A. M. shown by the curve of visual memory. The 
superiority of 9.2 per cent which 11 a. m. shows over 9 a. m. is 
surprisingly large, overtopping by 2.5 per cent the differences 
in efficiency between the same periods shown in the case of mem- 
ory for auditory digits. 



54 Universiiif of California Picblications in Psychology 2 


9-10 A. M. 10-11 A. M. 11 A. M.-12 M. 1-2 P. M. 2-3 P.3 



Pig. 5. Showing the diurnal course of efficiency in memory for visual 


digits. 

For several reasons, the use of a series of digits in excess of 
the subjects’ span is not an ideal test for the present purpose. 
Most pupils apparently are not seriously bothered by the fact 
that they are unable to reproduce the whole series,* but many, 
as soon as the number of digits exceeds their memory-span, 
become confused and fail completely. Various methods used by 
different pupils and by the same pupil at different times, give 
their users certain advantages or disadvantages according to the 
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ease. The results of certain pupils, for these and other reasons, 
show greatly varying scores in different tests of the series, and 
this may in part account for the noticeable lack of harmony in 
the details of the diurnal curves of efiSeiency for the groups. 

5. Tests in Recognition 

(1) Material used , — Series of ten nonsense-syllables of three 
letters each were constructed for the initial presentation, fol- 
lowed by the same ten syllables mixed indiscriminately with ten 
new syllables for the subsequent exposure. The syllables were 
constructed of black letters 2% inches in height, on white cards 
3% by 7% inches. The cards were fastened one above another 
on a strip of gray cloth, there being one column of ten in the 
case of the series first exposed and two columns of ten each in 
the case of the test series — the series exposed thereafter. The 
syllables used are given below : 


Text 1 A. 

2 A. 

3 A. 

4 A. 

5 A. 

kes 

rol 

jod 

lem 

mep 

cag 

kuf 

zan 

zat 

vib 

var 

jer 

bal 

neb 

lat 

nub 

pif 

ker 

hus 

zed 

rad 

geb 

ren 

tid 

kas 

ber 

mez 

kep 

reg 

ren 

guf 

fex 

luf 

pof 

fos 

wap 

mup 

dar 

lez 

rul 

dut 

dak 

sor 

git 

pex 

fon 

tib 

tuk 

mol 

vul 

1 B. 

2 B. 

3 B. 

4 B. 

5 B. 

tud 

zat 

fet 

fas 

fek 

nop 

Sim 

cak 

tal 

cos 

lor 

lep 

mel 

SOS 

mip 

cov 

pex 

raf 

fep 

vix 

ros 

tep 

nog 

gam 

tarn 

ruv 

len 

tuf 

con 

kim 

fip 

nof 

daf 

rif 

lud 

jiP 

rus 

ret 

tur 

mir 

zib 

min 

tur 

rud 

zur 

dul 

nir 

nus 

Ian 

rus 


Series A, gives the syllables which were studied. 

Series B, gives the syllables which were mixed with those of A to 
form the test series. 
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(2) Method of condncting the tests . — Instructions were given 

as follows: am going to show you a series of nonsense syl- 

lables which will be exposed for a certain length of time. You 
are to study these syllables so that you can remember them ; so 
that you would know them if you saw them again. After they 
are taken out of sight, another series of syllables will be shown 
you from which you are to pick out and write down all the syl- 
lables that you remember having seen in the first list. Don’t 
put down any syllables which were not on the first list. ’ ’ 

The first list was exposed at school ‘‘E” for one minute, 
but for forty seconds at the other schools, the latter time having 
been found to be sufiScient. The second series was left in view 
at all schools for one minute, which was sufficient time for the 
subjects to complete their work. 

(3) Treatment of data and computation of results . — The re- 
sults were scored by simply counting the number of syllables 
which were correctly recognized, without regard to the order 
in which they were written down. No account was taken of mis- 
taken recognitions ; they were entirely disregarded. 

(4) Residts . — The average curve of efficiency in the recogni- 
tion test is very similar to those found for memory of auditory 
and visual digits. A continuous increase is shown during the 
forenoon culminating in a maximum during the 11 o’clock hour, 
followed by a fall at 1 p. m. to the level of the first hour, with a 

TABLE VI. RECOGNITION 

Showing the A\terage Number of Syllables Correctly Recognized 


Class 9:12 a.m. 10:12 a. m. 11:12 a. m. 1:12 p. m. 2:12 p.m. 

E. a6 7.38 7.72 8.02 7.60 7.86 

L. a6 7.38 7.52 7.50 6.82 7.06 

W. a5 7.48 7.46 7.60 7.28 7.52 

9 : 42 A. M. 10 : 42 a. m. 11 : 42 a. m. 1 : 42 p. m. 2 : 42 p. M. 

E. b6 7.82 8.04 8.32 8.10 8.80 

L. b6.. 6.84 7.88 7.14 6.76 6.98 

W. b6 6.90 7.22 7.60 7.18 7.24 

Av. of six classes 7.30 7.64 7.69 7.29 7.57 

Average efficiency, 

per cent 100. 104.7 105.3 100. 103.7 
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9-10 A. M. 10-11 A. M. 11 A. M.-12 M. 1-2 P. M. 2-3 P. M. 



Fig. 6. Showing the diurnal course of efficiency in recognition of non- 
sense-syllables. 


subsequent rise until the end of the school session. The curves 
shown by some of the individual classes vary considerably from 
the average course. The course of efficiency of class L. a6 differs 
radically from the average; the maximum occurs at 10 a. m. 
instead of at 11 a. m. ; the minimum occurs at 1 p. m. instead of 
at 9 A. u., and the efficiency at 2 p. m. is still below that of the 
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first morning hour. W. a5 shows a slight decrease at 10 a. m. 
and a larger one at 1 p. m. L. b6 shows a high maximum, at 
10 :42 A. M.; and at 1 :42 p. m. efficiency is at its lowest. Despite 
these fluctuations, the general tendency is toward an increase 
in efficiency as the morning goes on, with a decrease following 
the lunch hour and a final upward movement in the latter part 
of the afternoon session. 

The curves of efficiency in memory for auditory and visual 
digits and in recognition of nonsense syllables vary alike and 
are in all essentials the same as those found in the case of addi- 
tion and multiplication. The course of efficiency in the memory 
functions, however, is less uniform, and a greater amount of 
difference between the groups is shown. It was found in the 
memory tests that large individual differences existed, and that 
the same individuals showed markedly different success at dif- 
ferent times, largely because of the use of different methods. 
But that these factors are the cause of the noticeable lack of 
harmony in the results of the groups, is not evident. 

The chief difficulty discovered in the use of the recognition 
test lies in the possibility of chance differences in the tests used. 
Occasionally the nonsense syllables, meaningless to the average 
person, are identical with slang words, or nick-names, etc., with 
which the pupils are familiar; and their recognition in such 
cases is, of course, an easy matter. The general method em- 
ployed in these tests should in the long run result in the neutrali- 
zation of the effects of such factors. Although the results are 
such that the main tendency stands out clearly, we should not 
on that account fail to recognize the possibility that occasional 
advantages from associations with the syllables used, might re- 
sult in group fluctuations of greater or less manitude. 

(5) Comparative summary of the work of previous investi- 
gators , — ^Unfortunately the number of investigations of the mem- 
ory-function which bear on the question of the diurnal course of 
efficiency is very small ; and of those which are at hand, the re- 
sults are based on the work of so few subjects, in most cases, that 
the conclusions have a limited significance. 
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Larguier des Baneels,^® using passages of prose, found the 
following number of seconds required to learn a passage : before 
cojffee, 316 (av. of 16 days) ; before lunch, 349 (8 days) ; after 
lunch, 341 (7 days ) ; before dinner, 345 (9 days) ; after dinner, 
280 (5 days). These results are clearly not in harmony with 
the facts secured in the present work. However, this experi- 
menter found that for reproduction of the passages, the after- 
dinner results were the best, and the morning results the worst. 
It is very likely that in the case of an adult habits of life enter 
very largely into the determination of the course of efficiency. 

Schuyten®^ found on the whole a slight superiority of the 
forenoon over the afternoon. This difference, as Schuyten points 
out, is largely due to fluctuations in interest in the work ; since 
he found that the subjects did by far the better work in the 
flrst trial, regardless of the time of day at which it took place. 

Marsh®® reports a clear variation in the ease of a single sub- 
ject who devoted twelve days to tests in memorizing ten Ger- 
man words and their meaning. The morning was the best 
period, the efficiency decreasing somewhat as the morning pro- 
gressed. In the afternoon there was a minimum efficiency; 
this was followed by a slight plateau until 8 p. m., after which 
there is a decided decrease. 

The same writer flnds that memory for visual digits has its 
period of greatest efficiency early in the morning, as shown by 
the following summary of mistakes made : 

7 A. M., 0.8; 10 A. M., 1.9; 1 p. m., 1.8; 7 p. m., 1.5; 10 P. m., 1.2. 

This shows the course of efficiency of but one adult subject. 

Four other subjects show a different course of efficiency. Fol- 
lowing are the average results in mistakes made and percentage 
of error: 

7-9. A. M. 12-2 p. M. 5-7 P. M. 9-11 P. M. 

Mis. P. E. Mis. P. E. Mis. P. E. Mis. P. E. 

Pour subjects.. 3.4 0.42 2.7 0.37 2.4 0.40 3.4 0.37 

5s Larguier des Bancels, J., “Note sur les variations de la mdmoire 
au cours de la journSe”, VA^inee psych., vol. 8 (1901), pp. 204-214. 

59 Scbuyten, M. C., “Sur les mdthodes de mensuration de la fatigue 
cbez les 4coliers“, Archives de physiol., vol. 2 (1903), p. 321. 

60 Marsh, H. D., op. cit., p. 50. 
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The fact found here is that the midday and afternoon periods 
are by far the best. 

In tests of memory for auditory digits with women students 
in the university, Marsh found the following results : 


Mistakes P. E. 

9 A. M 9.0 0.7 

12 M 6.9 0.6 

4 P. M 7.0 0.5 


In the group average (number of individuals not stated) the 
superiority of the midday period is pronounced ; the morning is 
particularly bad; while the afternoon period is nearly the best 
period. 

On the whole, the work of Marsh does little more than show 
the existence of wide individual differences. But in those cases 
where several subjects are grouped together, the results seem 
to be in harmony with those which have been found in the pres- 
ent work. 

Winch®^ tested at two periods of the day the memory 
for visual percepts (twelve consonants arranged in three rows 
of four each) of 45 school-boys, thirteen years of age on the 
average. Practise in the tests was continued until the pupils’ 
performance became ^‘steady”; and then, of the two equal 
groups into which the class was divided, one was tested in the 
morning at 9:45-10:05 a. m., the other in the afternoon at 
4:00-4:20 p. M. The data were scored by giving 3 marks for 
consonants correctly reproduced and placed; 2 if ‘^one place” 
out of position; and 1 if ‘‘two places” out of position. The fol- 
lowing results appear : 


Time 9:45-10:05 a. m. 4-4:20p. m. 

Average score of four preliminary tests. — 240.9 240.9 

Average of three final tests 266.7 253.0 


The morning group show an efficiency superior by nearly six 
per cent to that of the afternoon workers. This is due largely 

61 Winch, W. H., “Mental Fatigue in Day-School Children as Meas- 
ured by Immediate Memory”, Joum, Ed. Psych., vol. 3 (1912), Part I, 
pp. 18-29. 



1916] 


Oates: Variations in Efficiency 


61 


to the fact that those who work in the morning improve more 
rapidly than those who work in the afternoon. Winch states: 
‘‘One of the pupils in the morning group and six in the after- 
noon group cease to improve, begin to oscilate in their work, and 
tend on the whole downward’’ (p. 27). 

In the second study,®- the same investigator working with 51 
boys of another school, and using the same general methods as 
above, found the following results : 

Time 9 : 45-10 a. m. 4-4 : 15 p. M. 

Average score of four preliminary tests 157.8 157.8 

Average of four final tests 164 . 262 a 161.1 

The efficiency shown by the morning workers exceeds that 
of the afternoon workers by' about two per cent. It was found 
also that eleven pupils of the afternoon group, as opposed to 
four of the morning group, showed either no improvement or 
else a loss of efficiency. 

The results of Winch’s excellent experiments cannot be 
directly compared to the results found in the present work, 
since in the former the afternoon tests were given at a much 
later hour. In the present work the curve of efficiency is not 
carried beyond 3 p. m., at which hour it is showing an upward 
tendency,* and Winch jSmds that from 4 o’clock on efficiency is 
fairly low. If the results are viewed together, it would appear 
that the afternoon increase in efficiency shown by the present 
work is of very short duration followed by a decrease. But 
there is, of course, no certainty that such is the case. 

On the whole, it must be said that previous work is in some 
instances in accord with the results of the present investigation, 
but in some cases not ,* while much of it is entirely neutral. 

6. Tests in Speed and Accuracy of Movement 

(1) Material used . — For speed, accuracy, and steadiness of 
movement, the “Maze” test, of Thorndike, has been used. A 

62 op. cit, Part II, pp. 75-81. 

62a In the original article, a typographical error is undoubtedly 
responsible for the incorrect average (162.2) which appears there. 
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Fig. 7. The “Maze” Test. 
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test was sought which would give an indication of the diurnal 
course of efficiency of the various activities employed in ordi- 
nary school drawing. Since the “Maze’’ test measures the 
speed, accuracy and steadiness of movement — three factors 
largely involved in drawing — it should give, a fair indication 
of efficiency in that form of school work. It will he seen by 
observing Figure 7 that the test requires the tracing of curves, 
angles, and lines of various sorts, running in nearly all possible 
directions, and on the whole should be a very fair test of motor 
speed and control. 

The forms were printed on smooth paper, size 8% by 11 
inches.®^ Pencils of moderate hardness and average sharpness 
were used. 

There is at least one rather serious objection to the use of 
this form of test for experiments of this kind. It lies in the fact 
that different individuals, and the same individuals at different 
times, employ different methods of working. Some attend 
chiefly to speed, covering more ground, but making more errors. 
Others attend chiefly to accuracy, and in consequence produce 
a small quantity but high quality of work. Others divide their 
attention between the two; and all intermediate degrees are 
found. The same individuals during the series of five tests 
sometimes change their method. A subject who had attended 
chiefly to accuracy, on flnding at the completion of the test that 
others had covered a much greater distance, would on the next 
occasion speed up, and later either speed up still more or drop 
back to the original more careful method. Many of those who 
worked too fast in the beginning, producing too many errors, 
might go through a somewhat opposite course of changes. 

Throughout the present investigation, an attempt was made 
continually to impress upon the subjects the importance of 
avoiding errors due to excessive speed and of reaching high 

«3 The regulation size of paper for this test is much smaller ( 6 by 8 
inches) ; the larger paper seems to be much better adapted to the work, 
for it can be held in position with greater ease, since both hands can 
be rested on the paper without frequent moves to prevent interference 
with the drawing. 
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accuracy. In this, entire success was not attained, and the 
work of many subjects had to be discarded on account of great 
changes in the method of attack. 

(2) Method of condncting the tests. — The papers were laid 
face upward in front of the subjects; and the signatures, date, 
etc., were filled in before the beginning of the test. The fol- 
lowing instructions were then given: '‘This is a test in draw- 
ing; we want to find out how quickly and how accurately you 
can draw. You are to draw a line, beginning at the place 
marked 'start here’, right down the middle of the pathway 
between the two black lines. You must use the greatest care 
not to touch either of the black side-lines, to cut off corners, or 
to run out of the pathway in any way. You must try, of course, 
to draw as rapidly as possible, but above all try to keep from 
making errors. There are two other things to remember : First, 
you must draw directly along through the maze without re- 
moving your pencil from the paper; and, second, when you 
have arranged your paper in the way that you like best for 
drawing, you must leave it in that position throughout the test.” 

The pupils were then given a moment in which to arrange 
the paper to their liking. When once they had decided on the 
most favorable arrangement, it was insisted that the paper 
should not be moved during the test, and that the same position 
should be taken on the later days when the tests were made. 

Everything being in readiness, the subjects placed their 
pencils at the starting point, and the word "go” was given. 
The time (75 seconds) was kept with a stop-watch. 

(3) Treatment of data and computation of results, — The 
drawings were scored by the number of linear inches covered. 

The number of errors were estimated after some preliminary 
experiments in which the touches were counted and different 
papers were compared. The papers were divided into five 
grades, grade 1 being of very high quality, grade 5 very poor, 
with three intermediate stages and grades. The estimation was 
made by observing the paper in general, and by paying par- 
ticular attention to a selected small area. 
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An actual count of the number of errors would, of course, 
have been a very much more refined method, but with such a 
host of papers, the task would have been stupendous, and since 
the other method seemed to be quite satisfactory, the additional 
precision obtainable by actually counting would scarcely have 
been worth the additional time involved. 

The final averages were computed in the same manner as in 
the previous tests. 


(4) Results 

a. Speed of movement . — Table VII shows the number of 
inches traced. 

Plainly, the course of efSciency for speed of movement is 
of a different type from those found in the previous tests. The 
chief difference, and one that is very noticeable, lies in the fact 
that instead of there being a decrease in efficiency at the first 
afternoon hour, there is a very decided increase. This trait is 
shown with greater or less clearness by all the classes. More- 
over, instead of finding the maximum efficiency to be at 11 a. m., 
as in the functions previously considered, it appears in this case 
at 2 p. M. All of the classes, with the single exception of W. b6, 
agree in this respect. With regard to the hour of minimum 
efficiency, there is a good deal of irregularity. On the average, 
it occurs at 9 a. m., and such is the case in three classes ; while 
two others have their minimum at 11 a. m., and another at 10 
A. M. The average curve shows, on the whole, a consistent but 
slight increase of efficiency during the morning, while the after- 
noon hours are decidedly superior. 

The irregularity of the various curves of speed of move- 
ment is much more noticeable than with the other functions that 
have been considered. The first two classes, on the whole, 
closely follow the average curve. Class W. a5 differs by show- 
ing a drop of efficiency at 11 a. m., as compared with 10 a. m., 
and by showing another drop at 2 p. m. in comparison with 1 
p. M. E. b6 shows an equally great departure from the average 
results by the fact that both 10 and 11 o’clock are periods of 
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less efficiency than the first morning hour. The increase that 
this class shows in the afternoon hours, too, is unusually great. 
L. b6, instead of showing a steadily increasing efficiency during 
the morning hours, shows exactly the reverse ,* 1 p. m. and 2 p. m. 
show equally great efficiency, which is exceedingly great in com- 
parison with that of the morning. W. b6 also shows a decrease 
at 11 A. M. in a curve which otherwise closely follows the aver- 
age. 


TABLE VII. SPEED OF MOVEMENT 

Showing the Average Number of Inches Traced in 75 Seconds at 
Different Hours of the School Day 


Class 9 : 15 a. m. 10 : 15 a. m. 11 : 15 a. m. 1 : 15 p. m. 2 : 15 p. m. 

E. a6 43.18 43.32 44.42 46.34 47.28 

L. a6 31.06 31.24 34.46 35.34 37.60 

W. a5 32.66 34.32 33.22 35.10 34.64 

9 : 45 A. M. 10 : 45 a. m. 11 : 45 A. M. 1 : 45 P. M. 2 : 45 P. M. 

E. b6 43.38 41.42 42.26 45.14 49.12 

L. b6 29.28 28.98 28,30 34.50 34.50 

W. b6 32.32 33.32 31.20 34.42 34.76 

Av. of six classes.. 35.31 35.43 35.64 38.47 39.6b 

Average efficiency, 

per cent 100. 100.34 100.93 108.9 112.2 


The great irregularity of the curves of the individual classes 
makes it very difficult to discover with certainty the diurnal 
rhythm of speed of movement. One characteristic of the daily 
variation is clear, however, and in contrast with the curves 
found for the other mental functions: the greatest efficiency 
appears in the afternoon. The most striking feature of all is 
that the customary after-lunch drop in efficiency does not appear 
at all. 

Speed of movement, in finding its most favorable time in 
the early afternoon hoprs, shows itself to he a function of 
markedly different character from the more purely mental 
activities. Apparently the factors which arise at the time of 
the midday meal and of the noon recess, do not produce an 
inhibiting effect upon this function, although their effect is 
very clear in the case of computation, memory, and recognition. 
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9-10 A, M. 10-11 A. M. 11 A. M.-12 M. 1-2 P. M. 2-3 P. M. 



involved in tlie "Maze” test. 

Mention has been made of the difficulties in this test, which 
make it almost impossible to find an accurate measurement of 
either speed or accuracy independently. Changes of method 
are found in the work of many subjects ; and it is clear that a 
pupil can trace twice as far on one occasion as on another, with 
the result, inevitably, of making a great many more errors. It 
is likely that much of the lack of harmony between the curves 
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of the several classes is due largely to shifts in the method of 
work. The curves of speed should on that account be viewed 
only in comparison with those for accuracy. 

b. Accuracy of movement . — Grade 1 represents a very high 
grade of work, nearly free from errors ; grade 2 represents fair 
accuracy, the number of errors numbering about ten; grade 3 
work is medium, with from twenty to thirty errors; grade 4 
is given for poor work with from thirty to forty errors ; grade 5 
represents very inaccurate work, the errors commonly number- 
ing above fifty. 

Table VIII shows the daily variations in accuracy of move- 
ment. 

It is at once evident that accuracy pursued a different course 
from speed. In all but one of the classes, accuracy increases 
from the first to the last morning hour. The single exception, 
W. ao, shows a superiority at 11 a. m. over 10 a. m., but both 
hours are inferior to 9 a. m. In every case, however, the two 
afternoon hours show less accuracy than the two later forenoon 
hours, and in four of the six classes the minimum efficiency is 
found in the afternoon. The average curve shows 2 p. m. to be 
poorest, 1 p. M. next, followed by 9 a. m. and 10 a. m. with the 
maximum efficiency at 11 a. m. 

c. Accuracy and speed conibined . — To get a clearer idea of 
the situation, we should compare the ebb and flow of accuracy 
with those of speed in the same classes. It is apparent that in 
most cases where a high point in the efficiency for one is found, 
there is a low point in the efficiency of the other element.®® 
Compare for example, the curves for speed and accuracy of 
class L. b6, wffiich shows for either function a very ragged course. 
The average percentile efficiency of this class in each function 
is given below for the sake of comparison. 

9 A. M. 10 A. M. 11 A. M. 1 : P. M. 2 P. M. 

Speed in percentages 100. 98.8 96.7 117.9 117.9 

Accuracy in percentages 100. 102.3 104.2 85.1 91.5 

66 It will be found in a later section, that among individuals a very 
high negative correlation ( — .76) between speed and accuracy exists. 
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TABLE VIII. ACCURACY OP MOVEMENT 
Showing the Average Grades of Accuracy at Different Hours of the 


School Day64 

9 : 15 A. M. 10 : 15 a. m. 11 : 15 a. m. 1 : 15 p. m. 2 : 15 p. m. 

E. a6 2.056 1.985 1.928 2.028 2.03 

L. a6 2.033 1.9 1..932 1.966 2.10 

W. a5 1.635 1.7 1.666 1.666 1.635 

9:45 a. m. 10 : 45 a. m. 11 : 45 a. m. 1 : 45 p. m. 2 : 45 p. m. 

E. b6 2.165 1.856 1.835 2.0 2.232 

L. b6 1.566 1.53 1.5 1.8 1.7 

W. b6 1.876 1.732 1.7 1.77 1.77 

Av. of six classes.. 1.838 1.784 1.761 1.871 1.911 

Average efficiency, 

per cent 100. 102.9 104.2 98.2 96.0 


In the face of such facts, we are loath to draw a conclusion 
with regard to either speed or accuracy, for it is evident that 
in most cases the increase in one factor is only apparent and is 
gained at the expense of the other. And since, in the form in 
which the results are stated above, the varying degrees of effici- 
ency in the two elements are not directly and with certainty 
comparable, the diurnal course of real efficiency is obscure in 
either case. 

Nearly all classes agree, however, in showing speed to.be 
greater and accuracy less, in the afternoon. That is to say, the 
afternoon seems to call forth a different method from the one 
usually employed in the morning. Most individuals ‘‘speed up” 
in the afternoon, but are less careful with regard to errors, 
while in the morning the opposite method is used. 

It would be very unsatisfactory to leave the results of this 
test without at least an attempt to show the course of the two 
factors combined. In an effort to accomplish this, the mathe- 
matical treatment described below was applied to the figures. 
The method is arbitrary and crude, but it probably does justice 
to all the groups. The method employed is based upon the 
observation that on the average, for a “grade 1” paper the 
amount traced was about 25 inches; about 40 inches for a 

64 Tbe smaller number represents the greater accuracy. 
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9-10 A. M. 10-11 A. M. 11a. M.-12M. 1-2 P.M. 2-3p. 



Pig. 9. Showing the diurnal course of accuracy of movement. ss 


grade 2 paper, and so on by steps of 15 inches for each suc- 
ceeding lower grade. The difference then between papers 
graded 1 and 2, between those graded 2 and 3, etc., is about 15 
inches. Hence the formula: 

Compensated speed equals actual speed at that hour minus 
15, multiplied by grade at 9 a. m., minus grade at the given 

65 In order to have the elevation of the curve mean increased 
accuracy, the plot is the reverse of the figures in Table VIII. 
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hour. ^‘Compensated speed’’ means speed and accuracy com- 
bined, or, to be more exact, a speed minus a penalty for inac- 
curacy. 

The course of accuracy and speed, thus arbitrarily com- 
bined, shows a progressive increase during the day. There 
are, indeed, several ragged departures from the average curve 
in the case of several individual groups, but this is no more 
than could be expected when the various diflculties and possible 
sources of error in the mathematical treatment are considered. 
The variations from hour to hour during the day are surpris- 
ingly large, but one cannot rely on the figures for anything 
more than a rough indication of the facts. 

Although the maximum efficiency occurs at 2 p. m. in every 
case, the curve, compared with those for the various mental 
functions thus far considered, is consistently very high at 1 p. m. 
The striking differences, then, which the curve for speed alone 
showed, when compared with the curves for computation, mem- 
ory and recognition, are still evident in the course of efficiency 
after discounts have been made for inaccuracies. 

(5) Comparison with other investigations, — a. Speed and 
accuracy of movement 

Dresslar,®^ in experiments upon himself with the tapping 
test extending over sixteen days, found a distinct diurnal 
rhythm. 

Time of day 8 a. m. 10 a. m. 12 m. 2. p. m. 4 p. m. 6 p. m. 

Number of seconds 

to make 300 taps.. 37.8 35.4 34.6 35.5 33.5 35.1 

The minimum appears in the early morning, the maximum 
at 4 p. M. The best period of the forenoon is the 12 m. hour. 
Dresslar remarks: “The shape of this curve was unexpected, 
for it was naturally thought that the greatest rapidity would 
be attained sometime during the forenoon” (p. 520), showing 

67 Dresslar, F. B., “Some influences which affect the Rapidity of Vol- 
untary Movements”, Amer. Journ. Psych,, vol. 4 (1892), pp. 514-527. 
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that — since he was experimenting on himself — ^the actual course 
of efficiency did not follow the subjective feelings. Dresslar 
found also that muscular work (walking, etc.) decreases, and 

TABLE IX. SPEED AND ACCURACY OP MOVEMENT 

Showing the Average Number of Inches Traced at Different Hours 
OF THE School Day After Discounts Have Been Made for Differ- 
ences IN Accuracy 


Class 9:15 a.m. 10:15 a. m. 11:15 a. m. 1:15 p. m. 2:15 p. m. 

E. a6 43.18 44.38 46.24 46.76 47.67 

L. a6 31.06 33.23 35.97 36.33 36.61 

W. a5 32.66 33.35 32.76 34.54 34.64 

9:45 A. M. 10:45 a. m. 11:45 a. m. 1:45 P. m. 2:45 p. M. 

E. b6 43.38 46.05 47.21 47.61 48.13 

L. b6 29.28 29.17 29.29 30.89 32.49 

W. b6 32.32 35.48 34.62 36.01 36.35 

Av. of six classes.. 35.32 36.94 37.68 38.69 39.31 

Average eiiicieiicy, 

per cent 100, 104.6 106.7 109.5 111.2 


mental work increases, the rapidity of tapping. The curve of 
efficiency found by Dresslar corresponds rather closely to those 
of the present work, differing in that the former shows less 
efficiency following the noon meal. This drop may be due, as 
Dresslar suggests, to the fact that the subject habitually re- 
laxed from the time of lunch until 1 :30 p. m. 

Bergstrom®® found the rate of movement, expressed in num- 
ber of strokes per minute, to vary as follows : 

7 A. M. 8 A. M. 10 A. M. 12 M. 2 P. M. 4 P. M. 6 P. M. 

Subject A 262 272 278 267 277 270 269 

Subject B... 260 268 268 

The first subject shows an increase in efficiency during the 
forenoon and the efficiency at 2 p. m. is about equal to the maxi- 
mum. The second subject shows an increasing efficiency during 
the morning. These results are largely in harmony with those 
of the present work. 

68 Bergstrom, J. A., “A Study of Mental Activity”, Amer. Journ. 
Psych., vol. 6 (1894), pp. 247-274. 
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9-10 A. M. 10-11 A. M. 11 A. M.-12 M. 1-2 P. M. 2-3 P. 



ment. 


Marsh®^ found that accuracy in different forms of tests 
reaches a maximum in the late forenoon, while speed in the 
tapping test in his own case reached a maximum in the even- 
ing, when accuracy was at its lowest. This he explains by the 
assumption of a greater amount of neural excitability in the 


69 Marsh, op, cit.^ p. 17. 
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evening, which would accelerate speed but interfere with accu- 
racy of movement. 

Tests by the same writer with three subjects, in striking 
200 small squares with a pencil point, resulted as follows: 


Three Subjects, 2400 Squares 


r 

7-9 A. M. 

\ 

r 

12-2 p. M. 


Time 

P. B. Misses 

P. E. 

Time 

P. E. Misses 

P. E. 

47.7 

0.75 6.0 

1.12 

44.3 

0.46 7.1 

1.15 


-4-6 P. M.. 

\ 

r 

9-11 P. M.- 


Time 

P. E. Misses 

P. E. 

Time 

P. E. Misses 

P. E. 

44.8 

0.56 5.6 

1.01 

47.1 

0.71 5.1 

0.68 


The maximum efficiency is from noon to 2 p. m., with a 
minimum in the morning. Accuracy pursues the opposite 
course. These results are in agreement with those of the pres- 
ent article. 

In tests of writing the words ^‘one’’ to ‘twelve’’ Marsh 
found similar results, as shown by the following: 

7“9 A. M. 12-2 p. M. 4-6 p. M. 9-11 P. u. 

Time P. E. Time P. E. Time P. E. Time P, E. 

81. 0.5 77. 0.6 78. 0.5 80. 0.4 

Other tests with the so-called ‘‘hold-and-let-go’’ test gave 
the same variations (p. 19). Other observations by Marsh on 
the speed of magazine wire-stitchers, of making paper coin- 
cases and of numbering bills and ledgers in factories, although 
very discordant and involving many factors which tend to dis- 
tort the normal course, show a tendency to greater efficiency in 
the late forenoon hours and minimum ability at the extremes 
of the day. 

Marsh's tabulations of data for speed and accuracy gathered 
by the Departments of Psychometry and Anthropometry at the 
St. Louis Exposition, seem to indicate an afternoon superiority 
(p. 20). About 66 per cent of the groups tested at various 
times show a superiority in the afternoon. These results are 
of doubtful value, however, because of the possibility of large 
individual differences in ability of people working at the differ- 
ent periods. 
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Hollingworth/'^ in tapping tests (400 taps) npon three 
groups of five subjects each, given daily for ten days, found 
the following results, which are given here in percentages based 
on the efficiency shown at the initial hour: 

7:45a.m. 10a.m. 12 m. 3 :10 p. m. 5:30 p. m. 


Av.Smen 100. 100.3 99.5 99.8 99.6 

Av. 5 women 100. 101.8 99.5 101.5 102.1 


Av. 5 men ( irr. ) .. 100. 104. 103.4 103.3 104.7 

Considerable irregularity in the results is shown, but in 
every case 10 a. m. is superior to 7 :45 a. m. ; the work following 
the noon hour is about equal to, or slightly better than, the first 
period ; while the afternoon shows an increase in efficiency. 

Intensive experiments with the same test show similar re- 
sults : 



10:30 

11:15 

12 

1:30 

2:15 

3:00 


A. M. 

A. M. 

M. 

P. M. 

P. M. 

P- M. 

Average time 

49.8 

49.2 

47.8 

47.7 

48.0 

48.3 

P. E 

.9 

1.1 

1.2 

1.3 

1.3 

1.4 

Efficiency, per cent.,.. 

100. 

101,6 

104.4 

104.6 

104.0 

103.4 


A constant increase in efficiency takes place during the day. 
These results are in harmony with those we have obtained from 
the children, and persist in spite of the fatigue we should ex- 
pect to develop in Hollingworth’s work. 

In tests on co-ordination of movement, 100 strokes on the 
three-hole target, Hollingworth found in the extensive tests 
‘‘increasing efficiency up to midday, then a falling off from 
this maximum.’’ 

In a test of steadiness, in which the subject held a small 
rod, at arm’s length, in a hole of a diameter slightly less than 
twice that of the rod, the same investigator found in the two- 
day continuous work experiment, results as follow: Efficiency 
at 10 :30 A. M., 100 ; at 11 :15 A. M., 100 ; at 12 M., 103 ; at 1 :30 
p. M., 120 ; at 2 :15 p. M., 106 ; and at 3 p. m., 106. Steadiness 
apparently increases throughout the day, notwithstanding the 
effects of fatigue. 

70 Hollingworth, H. L., “Variations in Efficiency During the Work- 
ing Day", Psychol. Review, vol. 21 (1914), pp. 473-491. 
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One subject, a woman of 38 years, whose experience in type- 
writing had carried her beyond the practice stage, worked under 
Hollingworth’s directions. In almost continuous work for two 
days the following times were required to complete a given 
amount of typing : 


^ A. M. — , 
10 11 

Time 61.0 58.1 

Errors 134. 101. 


f P. M. 

12 3 4 

57.7 56.8 55.6 55.6 

115. 113. 86. 79. 


5 6 

56.3 59.4 

86 . 102 . 


Speed and accuracy increase consistently during the day to 
a maximum in the late afternoon, from which time efficiency 
begins to decrease. These results are in harmony with those 
obtained in the present work, except that Hollingworth found 
no indication that exceptionally high speed is at the expense 
of accuracy. 


h. More complex motor activities 

Marsh, by means of questionaires to many physical direct- 
ors, trainers, and athletes, found that in the opinion of most 
such men, the afternoon is far superior to the forenoon for 
complex motor activities, 

Bogardus,^^ in an interesting experiment of controlled mus- 
cular activity, has shown that continued work results in muscu- 
lar inaccuracy which increases irregularly and at a rate de- 
pendent upon the speed of the activity and on the relative 
difficulty of a given piece of work for the individual. Gross 
figures show that about twice as many inaccuracies occur in 
the last half as in the first half of a given piece of work. Bo- 
gardus supports his experimental results by statistics gathered 
from records of accidents in several European countries and 
in America which show, on the whole, a larger number of acci- 
dents in the latter half of the forenoon and afternoon. It seems 
probable, however, that the statistics are complicated by in- 

71 op, dt., p. 32. 

72 Bogardus, E. S., The Relation of Fatigue to Industrial Accidents 
(1911), p. 69. 
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numerable factors, and that the effect of fatigue is of minor 
import. For instance, the number of street-car accidents or 
accidents from other methods of traffic in a retail district would 
be greater during the hours of maximum traffic. 

Bogardus’ experiments and statistics show that fatigue from 
continued muscular activity is important; and throw light on 
the present problem by the probability that the fatigue in some 
forms of work will more than balance the opposing force of the 
diurnal course of efficiency. 

c. Voluntary muscular power 

Some excellent research has been upon the problem of the 
diurnal variations in voluntary muscular power; and since the 
subject is cognate with the one under discussion, it may be well 
briefly to summarize the results of the various investigations at 
this point. 

Lombard,^^ in extensive experiments with the Mosso ergo- 
graph as modified hy himself, found the maximum voluntary 
muscular power to be between 10 and 11 a. m. and 10 and 11 
p. M. The minimum occurs between 3 and 4 a. m. and 3 and 4 
p. M. An afternoon rise occurs at 2 p. m., followed by a fall in 
power between 3 and 4 p. m. 

Patrici^^ using the Mosso ergograph upon himself and one 
other subject at various periods during the day and night, 
found the period at 2 :30 p. m. the best ; the evening period 
superior to the morrdng; and the latter period about equal to 
the midnight period. He concluded that this course was coin- 
cident with that of bodily temperature. 

Harley,^® in ergographic tests extending over six days, found 
the following average results in terms of kilogram-meters : 

/ A. M. ^ M. , P. M. ^ 

Hour 9 10 11 12 12345678 

K-M 6.2 6.4 8.7 7.0 9.5 8.2 9.9 7.8 8.9 8.7 7.2 8.8 

73 Lombard, W. P., “Some Influences Affecting tbe Power of Volun- 
tary Muscular Contractions’", Journ, Physiol., vol. 13 (1892), pp. 5-71. 

T^Patrici, Archives italiennes de hiologie, vol. 17 (1892), p. 134. 

75 Harley, V., “Effects of Sugar and Smoking on Muscular Work”, 
Journ. Physiol., vol. 17 (1894), p. 97. 
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A steady rise until 11 a. m. is evident, with a maximum at 3 p. m. 
It is noticeable, also, that muscular power is very great at 1 p. m. 

Kraepelin'^® found a daily variation characterized by a gradu- 
ally increasing efficiency during three or four hours after each 
meal. The immediate effects of a meal, according to this in- 
vestigator, are to decrease one’s muscular ability as a result 
of the increased demand of the digestive processes on the blood 
supply. 

Eoemer^^ reached conclusions which are essentially in accord 
with those of Kraepelin. 

Christopher*^ employed 90-second ergograph tests on 1127 
Chicago school children at each hour of the school day, fol- 
lowed by fuller tests with four boys and four girls. His results 
show a maximum at 9 a. m. with a slight decrease until 11 :30 
A. M., where a heavy drop in strength occurs. The curve ascends 
rapidly from 12 :30, is fairly high at 1 p. m., increasing to the 
highest point in the afternoon at 2 -.30 p. m., whence it descends 
until 4 p. M. Christopher’s general conclusions are: (1) There 
is a much greater drop in efficiency during the morning period 
than in the afternoon. (2) Strength is not so great in the after- 
noon as in the morning, but is better sustained. 

Storey,^® in extended experiments with a large group of 
individuals tested by ergograph and dynamometer both for 
voluntary and electric contraction, found the following results : 

(1) There is a morning period of increasing strength, cul- 
minating at 10 A. M., 11 A. M. or 12 m., followed by a fall in 
power until 1 or 2 p. m. ; an increase until 3 or 4 p. m. ; an even- 
ing rise until 6, 7 or 8 p. m. ; with a final fall in the later hours. 

(2) All individuals followed the same general course of 

76 Kraepelin, E., '‘Zur Hygiene der Arbeit”, Zeitschrift fur PsycMa- 
trie, vol. 25 (1896), p. 593. 

77 According to Weygandt, W. Kraepelin’s Psychologische Arheiten, 
vol. 2 (1899), p. 697. 

78 Christoplier, W. S., "‘Report on Child Study Investigation”, re- 
print from Ann. Rep, of Bd. of Ed. of Chicago (1898-9), pp. 1-48. 

70 Storey, T., (a) “Some Daily Variations in Height, Weight and 
Strength”, Amer. Phys. Educ. Rev., vol. 6 (1901). (b) “Daily Varia- 

tion in the Power of Voluntary Muscular Contraction”, ihid., vol. 7 
(1902). (c) Studies in Voluntary Muscular Contraction (1904). 
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efficiency, although there were some individual differences and 
the same individuals differed somewhat in different series of 
tests. 

(3) The results for voluntary contractions were the same 
as for contractions produced by electric stimulation. 

Unfortunately the tables given by Storey show only the 
‘^number of comparisons showing gain” from one hour to 
another, and do not give a quantitative comparison of the 
actual amounts of work done at different times. 

Marsh, using CattelUs 1903 type of spring ergometer, tested 
one subject and found the maximum efficiency to be in the 
period from 3 :30 to 4 :30 p. m., as compared with 8 to 9 a. m. 
and 10 :30 to 11 :30 p. m. The same investigator found, in tests 
with five subjects using the hand dynamometer and the hand- 
foot dynamometer, that strength takes the following course: 
a minimum in the morning; a fairly rapid rise until 11 or 
11:30 A. M. ; a level or slight decline until 12:30-2 p. m. ; an 
increase to a maximum at 5 p. m. (zp 1 hour) ; thence a con- 
tinuous fall. In general form this curve is like those found by 
a majority of the investigators preceding Marsh. 

(6) Summary of results , — ^With regard to speed of move- 
ment it was found that a progressive increase in efficiency took 
place during the day, the height of the curve in the afternoon 
being particularly noticeable. Accuracy took very nearly the 
opposite course, especially in the afternoon hours. When speed 
and accuracy in the same function was arbitrarily combined, 
the curve showed an upward tendency through the day with 
the maximum occurring at the last hour. This curve differed 
in two ways from those of the more purely mental functions 
previously considered ; in the maximum at 2 p. m., and the 
efficiency at the hour following the midday meal. Previous 
work in tests of speed and accuracy for simple and complex 
movements seems to be generally, but not invariably, in harmony 
with these results. 


80 Op cit., p. 24. 
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COMPLETION TEST. NUMBER 1 
Where the Dandelions Went 


Wh Willy two old, he lived a red farm-h with 

. . yard front The dandelions were thick th ; so that 

yard lo yellow instead of gr 

One bright Willy’s ma put on straw hat sent him into yard 

to She knew yard had .. high i and could not o 

gate; so safe. W it time him take .. nap and she went 

.c him, she noticed that .. great many of the dand go 

She won.. where they ; bnt, as Id not talk much, did 

not him them. 

A short after, while .... was his crib, his mamma went 

draw wat.... When buck came full the top 

was all y with da Look down into well, could 

no at all, only dandelions. 

wonder, then, where ...... bios had Willy been 

busy try fill 

The course of efScieney for muscular contractions, volun- 
tary and involuntary, differs from that of speed and accuracy 
of movement, as well as those of the more purely mental func- 
tions. It agrees with the former in showing an afternoon maxi- 
mum, and with the latter in showing some degree of inefSciency 
following the noon meal. 

7. Comyletio-n Test 

(1) Material used , — test was sought which would demand 
of the subjects something more than a mere retentive capacity 
or facile association,* something more complex,* something cre- 
ative, if possible. The ^^Completim Tests’% such as those 
originally employed by Ebbinghaus, seemed to be the nearest 
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COMPLETION TEST. NUMBER 2 
The Ejho and the Little Girl 

A king ceived in great sta in .. village. The school children and 

th. teach wel him, and .. lit g recited to him. 

with wh he was mu.... pie... “You performed task 

nicely,” king. “But now .. wish .... ask some qu ” 

he said and sh child orange. To kingdom does 

orange be ?” 

The eh a shy.... that orange be to the 

veg “W does belong?” 

ag poin gold-piece. “ min dom” 

answer. “But do I then be my child?” the > third 

The the king pleas and said: “To 

.... heav..,..” Then a tear in of the k and lif. ...... 

gi up and kis 


approach to the tests desired.®^ The two tests used by Terman®- 
and one arranged by Whipple®’^ were also thought to be suitable. 

However, the requirements of the present work made it im- 
possible to employ them in their original form. 

Number 1, of the texts above, is a modification of the text 


81 Ebbinghaus, H., “Ueber eine neue Metbode zur Priifung geistiger 
Fabigkeiten und ihre Anwendung bei Schulkindern”, Zeitsclirift fiir 
Psychologie und PJiysiologie der Sinnesorgane, vol. 13 (1897), pp. 401- 
459. 

82 Terman, L. M., “Genius and Stupidity”, Pedagogical Seminary, 
vol. 13 (1906), pp. 307-373, especially pp. 342-7; also Tennan and 
Childs, “A Tentative Revision and Extension of the Binet-Simon 
Measuring Scale of Intelligence”, Journ. Ed, Psych., vol. 3 (1912), pp. 
198-202. 

83 Whipple, G. M., Manual of Physical and Mental Tests (1910), 
especially pp. 445-458. 
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COMPLETION TEST. NUMBER 3 
The Peasant’s Honesty 


In one .... the Eur wars .... officer was once to search 

fodder the horses. He rode for a time in a Ion val 

and no one, but at caught si of a mis hut. "When 

he knocked at do an old man out. “Show .... a field, old man,” 

off “where men can fodder for hor 

The peasant went on them and ab a quar hour. 

they to .. fine bar field. “This is we search for,” 

said 0 “Not yet,” ans pe and we They 

fol and last to an bar 

After sol mowed the gr and loaded it hor 

and we ab ride of sa “Y led .... 

farther th.... was nec fi field bet than ” “I 

it,” peasant, “ it not ” 


arranged by Whipple j Number 5, of one arranged by Terman ; 
and the other three were arranged by the writer. The difficulty 
of the texts increases somewhat in the latter part, this arrange- 
ment being made chiefly for a certain few pupils who might 
otherwise complete the whole test before the expiration of the 
time-limit.®^ 

The tests, while hardly fulfllling the intention of a test of 
creative literary ability, demand a mental activity of a complex 
sort, and ability to synthesize the fragmentary parts into a 

84 At first glance it may appear that the texts which are more diffi- 
cult in the last part would he a source of considerable error in the 
results. Most of the pupils, however, did not reach the more difficult 
section; and since those who did worked at each and every hour of 
the day, their relative efficiency at the different hours would he shown 
without distorting the results. 
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COMPLETION TEST. NUMBER 4 
The Fox nxn tbx Lion 


There once .. fox had nev...: seen .. lion; and so vh he 

for fir time, he w so frightened th did not kn 

wh to do lion him no harm, and the crept and ran to 

hole and th He stay it un he had search food, 

and crept in fear. 

But the fox once met some days th This 

fox not quite- so ly frigh He look the great k 

of beasts face; and ins of ping aw fright as 

be off slow and ev sto and round. 

A third the fox th.. 1 and went dir to as 

noth all to He say “Good morning, Mr. Lion, 

— you do fine 


whole. It was found upon inquiry in one clafes, that the 
students who did the best work in the completion test were, 
according to the opinion of the teacher, about the best of the 
class in composition-work. So the course of efficiency found 
with the use of this test, may be considered, roughly at least, 
similar to the diurnal rhythm for the mental activities de- 
manded by composition-work.®® 

The texts, reproductions of which are shown here, were 
printed in 10-point type on sheets 8l^ by 11 inches, with %- 
inch spaces between lines. 

85 Several students were found who were practically unable to do 
anything with this test. Foreigners, particularly Chinese and Jap- 
anese, although ranking high in school work as well as in the other 
tests, were as a rule quite helpless in the completion test. The work 
of such subjects was not considered. 
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COMPLETION TEST. NUMBER 5 
The Strenoth op the Eagle 

One eagle went with the birds see coaid fly 

the highest. They agreed he who fly hi should be called the 

strongest All started same and away among 

cl.. One by they gr tired and re but eagle 

upward and until .... was .. me speck heavens. When he 

back others were wait for and when touched 

gr linnet flew ba.... where had hiding and 

that h*e the st bird. “I stronger th e he said, 

“for not did I high, but eagle down, I 

left .... hid and up a little “ The ot birds 

a council to matter. After .. long 

decided eagle stronger not only he 

as high but the 1 as welL 


(2) Method of conducting the tests , — The papers were 
placed face down in front of the pupils and the following in- 
structions were given: ^‘On these sheets are printed a story 
in which many of the words or parts of words have been left 
out and in their places are series of dots. The length of the 
series of dots is roughly to show the length of the word that 
has been omitted. When the signal is given, turn over the 
papers and fill in the blanks so as to complete the stor^^ Don^t 
put down any words which do not ‘make sense’. If you get 
stuck on a word, do not waste too much time with it, but go 
on to the next.” 

At the signal “ready”, the subjects seized the paper, and 
at “go” it was turned over and the work started. Two and 
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a half minutes were allowed for the test. This test was always 
given seventh in the series of eight. 

As a rule the pupils enjoyed this test, and applied them- 
selves to the utmost, although a great many complained of its 
difficulty. It was very evident that there was a great difference 
in the difficulty of the different texts used. Text 3, for in- 
stance, was much more difficult for the children than Text 1. 
Under the general method of experimentation used in this 
work, however, such differences would be compensated in the 
results. 

(3) Treatment of data and computation of resiclts. — The 
papers were scored by simply counting the number of elisions 
correctly filled. No discounts were made for omissions ; elisions 
filled in such a manner as not to make sense were considered 
the same as omissions. The results show the amount of accu- 
rate work, or work of good quality, done at the different hours. 

The weight of the different squads was equalized by obtain- 
ing the final average from the averages of the squads, as previ- 
ously described. 


TABLE X. COMPLETION 

Showing the Average Number of Elisions Correctly Supplied at 


Different Hours of the School Day 

9:19 A,M. 10:19 a.m. 11:19 a.m. 1:19 p.m. 2:19 p.m. 

E. a6 22.36 23.80 24.60 24.08 25.18 

L. a6 21.20 22.24 23.80 21.50 22.70 

W. a5 20.28 20.12 21.42 21.28 21.48 

9 : 49 A.M. 10 : 49 a.m. 11 : 49 a.m. 1 : 49 p.m. 2 : 49 p.m. 

E. b6 21.64 22.24 22.70 22.06 22.38 

L. b6 18.64 21.16 21.40 21.12 21.34 

W. b6 19.18 19.88 21.46 20.88 21.10 

Av. of six classes 20.55 21.57 22.56 21.82 22.36 

Av. efficiency, per 

cent 100.0 105.0 109.7 106.2 108.8 


(4) Results, — The ebb and flow of efficiency in the comple- 
tion test is well defined and is essentially the same as that 
found for the arithmetical and memory tests. The curve runs 
upward from a morning minimum to a midday maximum, fall- 
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9-10 A. M. 10-11 A. M. 11 A. M.-12 M. 1-2 P. M. 2-3 P. 



Fig. 11. SlLowing the diurnal course of efficiency of the mental 
processes involved in the completion test. 

ing again after the lunch hour, and increasing again during 
the last hour of the school day. No very striking differences 
are found among the individual curves, although the percentile 
variations from hour to hour in many classes are very large. 
The relative efficiency of all the hours compared to that at 9 
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A. M. in tlu» nf L. hU. is vt*ry In tin* nf \V. h'k 

tin* iui[>ils wnre \v<»rkin<j;‘ in vtTv luitl fcirni at 10 \t.. ulirn* 

tln‘n* is a rniniinur»i <‘rtu*u*n<\v. In <itlu*r tnsts as woll (a<l(litinn. 
niultipli(*ati<»n and ns'ojrnitinnK tliis tdass ^avt* indii*atinns nl’ 
b<‘injii: rt‘lativrly iin*rtit*ii‘nt at this tinn*. 

Tin* avt‘rajrt‘ tlitl’frnnnn tif tdlunmny liatwtH'ii tin* tna\itmun 
ainl mininuun is vt‘ry jrn'at 9 pnr ntnit ; and tin* su{n*ri<a’ity 
in many nasrs td' tin* otlnT Inuirs nvnr tin* Inmr <d‘ Inast «*t1[h*it*tn*y 
is jrn»at. Tln*s<* larp* thmtnnthms art* mainly <lin* t<» t‘t*rtain 
(*lass<*s, su(*h ns h. hO, in which tln*rc is a ln*avy th*prcssi<m at 
9 A. M.» but wvy small dirt*t*rt‘nct‘s bt‘twt‘«‘ri tin* nthcr Inmrs. 

Thus it api>cars tliait the mental runctimis invtdvt*tl in tht* 
c<mi|ilt*ti(Ui tt‘st, altlmu^h they arc ctu’n*lntc<l <mly tt> a strtal! 
t‘Xtcnt with tin* nthcr rnrms td' test that have been ust-d, rtilUiw 
nearly the sann* etmrst* td* i*trn‘ieney. 

(a) Siinunttrff of work of other iniostitfotters. As far as 
tin* writt*r is aware tin* etanpletitm tt*st has inU bei*n pn‘vinin4y 
employed in tin* |)r<»blem tif the tliurnnl enurst' <d’ efrn*M*ne\ , 
although it has be*‘n us<m 1 by Mbbitu.dmtt^»‘’‘ and Wiernma ‘ in 
invest ipitimis <d' tin* t*ir<s*t td’ ruti 5 f:ne. 'rin* wt»rU «d* tin* latter 
tines not j^dve rt*sults which <‘an be e(un[»ared here, t»ut Mbbini/ 
bans r<»und that tin* t*trt*ets t»r tlve bntirs' wi»rii fadetl, tn tiie 
ease of ehiblren fourteen tt» sixteen year*^ <d’ Hire, tti h1h»w a 
dei*rease in tin* ((uantity ttr tjuality td' wiU’li, altlnMurh wdb 
ytmnirer ehiblren iniin* to eleven yearn* a anall lee.einmr <d' 
eflieient*y was imted. 

Stain* wt»rk has lieen tlmie, with ipiest ionaire s ehndty, and 
with infonuatitm i^rainefl from bifarrapbie-», in timing*' the pie 
ft*rred Inmrs <d’ wt»rk of autlnirs, writi'm and students, A ref 
ert*nee tt» some td’ the results may be td' interest here, 

Ibuirstriim ’ rejairts that Ueerwain-n found that stnd»*nts, ni 
answt'r t<» <ptesti<mnir<*s, sln^wtsl th<* ftdbiwinir pis fi reuees : ls*J 

KbliturbHUa, H , oa. * it 

-- \Vt«*rHmu, M , *0iie I'JtilUurhaU i'artte <*fmtt»nuUloieaMettMitte**, 
srhrtft fur Phu* wa#/ VhnmoUioo' tfrr SinnfiitinfttHr-, ^nt Ito 

(itarj), aa, 

lierratnim. J. A., Study «f Meuml Ali^vHv‘^ ./miimi 

/».*ti/f7i., vfd. a tiHfiM, ni». 2 iy rri 
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preferred the morning ; 133 the evening ; 6 the afternoon ; while 
28 found study easy at all times. The same writer reports 
that Professor Barnes found among Cornell students that 66 
preferred the morning, 6 the afternoon and 39 the evening. 

0 ’Shea®® by means of questionaires obtained data from which 
he summarizes as follows: “Practically all those who reported 
testified that their minds worked best in the forenoon, 18 re- 
ported being best in the afternoon, while 2 found that they 
could accomplish more at five o’clock in the morning than at 
any other hour. The best hours ranged from 7 to 12 in the 
forenoon, while the choicest period of the day is from 9 to 11.” 

Marsh®® tabulated information which he obtained from bio- 
graphical sketches of authors and writers with the following 
results : The morning was preferred by 34 per cent ; afternoon, 
1 per cent,* night, 12 per cent; after midnight, 6 per cent; 
morning and afternoon, 17 per cent ; morning and night, 4 per 
cent; afternoon and night, 3 per cent; whole day, 23 per cent. 

On the whole the indications of these several groups of 
statistics are in harmony with the results we have found with 
the completion test, although there is no detailed corrobora- 
tion. To attach much weight to the results obtained concerning 
the preferred hours of work of authors and students would, 
however, involve several assumptions which cannot well he 
made. One must assume that the hours during which a par- 
ticular individual worked were really his preferred hours, a 
thing which, in the case of biographies especially, is not always 
clear. Economic conditions and habits of life may often de- 
termine the distribution of the working hours. One must assume 
further that the preferred hours are actually the most efficient 
hours, a probability which very often is not the fact.®’^ 

8. Cancellation Test 

(1) Material used . — For a test which would give an indi- 

89 O'Shea, M. V., "'Aspects of Mental Economy", Bull. TJniv. Wis., 
vol. 2 (1901), p. 195. 

90 Marsh, op. cit., pp. 59-69. 

91 See Dresslar’s statement quoted on p. 71. 



1916] 


Gates: Variations in Efficiency 


89 


cation of the alertness of attention, its working under distract- 
ing influences, and the rate of perception, the so-called ^‘Num- 
ber Checking Test*’, proposed hy Woodworth and Wells, was 
selected.®- 

The form of this test is shown herewith. It consists of 
twenty lines of fifty numerals each, printed in 8-point type 
with a margin of one and one-eighth inches at the top and bot- 
tom, and of one and three-eighth inches on the sides. The lines 
are so arranged that each contains the symbols 1, 2, 3, 4, 5, 6, 
7, 8, 9, 0, five times and each successive fifth of the line con- 
tains each of the ten symbols once. By preventing two identical 
symbols from coming in succession at the end of these series 
of ten, the occurrence of runs’’ of several symbols was pre- 
vented. The second half of the text is made by reversing the 
arrangement of the first half, the equality between halves be- 
ing established by this means. 

The test consists in striking out the O’s with a single stroke 
of a pencil. The symbol 0 was chosen in preference to the 
others because it is one of average difficulty and presents less 
striking features than such symbols as 1 or 7, and yet has been 
found to be less difficult for checking than 6, 9 or 5.°^ The 
same symbol was employed throughout the series of experi- 
ments. 

It should be added that this test involves factors aside from 
the concentration and steadiness of atttention. Motor activi- 
ties are largely concerned, and a measure is obtained of the 
speed and accuracy of reaction to a particular stimulus. Simi- 
lar tests have been termed ‘‘discrimination tests”, since they 
require the discrimination, or the picking-out and recognition, 
of one stimulus from several possessing similar features. The 
wandering or lessening of attention, it is said, will result in a 
lessening of the speed of discrimination of the desired from 
the undesired stimuli, and will result in a reduction of the 

92 For a description and extended discussion of this test, see Wood- 
worth, R. S., and Wells, F. L., “Association Tests”, Psych. Monograph, 
vol. 13 (1911), pp. 24-29. 

93 Woodworth and Wells, op. cit., p. 27. 
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speed of reaction as well as in an increase of erroneous re- 
actions. It is, however, clear that the speed attained in the 
test cannot exceed that of the muscular reaction of the subject. 
Lack of muscular adaptation, as well as the wandering of at- 
tention or any break in the effective mental attitude, results 
in inferior speed and accuracy. 

(2) Method of conducting the tests. — The pupils were given 
the following instructions: ‘‘You will be given a paper on 
which are printed several rows of numbers. When the signal 
is given, you are to check out as fast as you can all of the 0"s 
or zeros. Be careful not to overlook a single one.’’ After the 
method of working was illustrated with the use of a sample 
series of symbols written on the blackboard, the papers were 
passed out face downward before the pupils. At the warning 
signal “ready” the subjects seized the corner of the paper and 
at the word “go” it was turned over quickly, and the cancella- 
tion started. A one-minute period was allowed for the test. 
The cancellation test was always the last of the series of eight 
tests ; in nearly all groups it proved to be the favorite. 

(3) Treatment of data and computation of residts. — Correc- 
tion of a large number of papers showed that the number of 
mistakes was very small; consequently in the final results no 
account has been taken of them. The grade of the papers 
represents the total number of O’s correctly cancelled. 

The final tabulation of averages was done in the manner 
employed with the previous tests. 

(4) Results. — A glance at the table and figure shows that 
the course of efficiency for cancellation is more closely akin to 
that found for speed and accuracy of movement than for those 
found in the various more purely mental processes. The tables 
of correlation (p. 113) show that although the correlation between 
cancellation and speed of movement in the maze test is not 
high (+0.29), it is the highest correlation which the cancella- 
tion shows. The same table shows moreover that the correlation 
of speed of movement with cancellation (+ 0.29) is the highest 
shown by speed of movement, being greater than the correlation 
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TABLE XI. CANCELLATION 

Showing the Average Number op Digits Cancelled in One Minute 


AT Different Hours of the School Day 

9:24 a.m. 10:24 a.m. 11:24 a.m. 1:24 p.m. 2:24 p.m. 

E. a6 44. 43.94 44.32 44.08 45.54 

L. a6 36.46 37.36 39. 38.14 39.46 

W. a5 38.38 39.18 40.06 40.26 39.82 

9:54 a.m. 10:54 a.m. 11:54 a.m. 1:54 p.m. 2:54 p.m. 

E. b6 42.54 42.76 44.6 45.56 44.02 

L. b6 40.14 40.32 41.46 42.16 41.82 

W. b6 37.14 37.44 37.74 37.96 39.02 

Av. of six classes.... 39.44 40.16 41.19 41.36 41.61 

Av. efficiency, per 

cent 100. 101.8 104.4 104.9 105.5 


of speed with multiplication (4-0-03), addition (+0.01), com- 
pletion (+ 0.11) or memory (av. — 0.04). 

Evidently, then, speed in the cancellation test is largely 
dependent upon the motor processes, and follows the diurnal 
course of efficiency of speed of movement. The rather low 
absolute amount of the correlation shows, however, that the 
addition of purely mental processes makes the aggregate a 
(luite different activity from that involved in the maze test. 
Table XI shows that although the course of efficiency in can- 
cellation follows that of speed of movement, it does so hesi- 
tatingly and with several exceptions (E. a6 at 1 p. m., L. a6 at 
1 p. M., W. a5 at 2 p. m., and E. b6 at 2 p. m.) It will be noticed 
also that the average superiority at the 2 o’clock period over 
the 9 o’clock, in the case of speed in the drawing test, is more 
than twice as great (11.3 per cent, compared to 5.5 per cent) 
as the difference between the same hours in the cancellation 
test. 

(5) Comparison with the results of other investigators . — 
Lobsien,®^ in experiments upon attention, in which the number 
of times a pupil raised his eyes in five minutes from an assigned 
reading was noted, found that the attention of school children 

94Lobsien, M., “Scbwankungen der psycbiscben Kapacitat", Pddag. 
Psych., vol. 5 (1902), pp. 1-110. 
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9-10 A. M. 10-11 A. 11 A. ]M.-12 M. 1-2 P. M. 2-3 P. M. 



was greater in the morning in the months of October, November, 
December, January and February, but greater in the afternoon 
during the months of April, May, June and July;®® while in 
March no difference was noted. 

Pillsbury,®® in experiments upon the least perceptible dif- 

95 August and September not tested. 

96 Pillsbury, W. B., “Attention Waves and Fatigue”, Amer. Journ. 
Psych., vol. 14 (1903), p. 314. 
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ference in shades of gray, with three subjects, at morning, noon, 
afternoon, and night, found the following results, given in the 
form of average attention span: 

Morn. Noon Afternoon Night 

9.3 8.7 8.6 8.3 

Attention apparently decreases steadily during the day. 
Many objections, however, might be raised to the application 
of these results to the problem of the diurnal course of efficiency. 
(1) The tests seem to be upon the senses employed, rather than 
upon attention ; fatigue of the sense organs is probably largely 
responsible for the decrease of efficiency. (2) The subjects 
used are too few. (3) The periods at which the tests were given 
are too indefinite; for instance, tests at different hours within 
the afternoon period might give very different general results. 

It is evident that the results obtained by these investigators 
of attention, except those of Lobsien for the winter months, are 
not in harmony with the curves we have found in the cancella- 
tion test. 

Marsh, however, in experiments with four subjects in sim- 
ple and controlled reactions with the Hipp chronoscope, found 
a slight superiority for 12:30 p. M. and 5 P. m. over 9 a. m. 
These results do not carry much weight on account of the lim- 
ited number of subjects. Experiments by the same writer, 
upon four subjects, in naming colors, show a maximum 
efficiency from 12 to 2 p. m., a somewhat less efficiency from 4 to 
6 p. M., still less from 9 to 11 a. m., with the minimum from 7 to 
9 A. M. Five men subjects, in tests of controlled associations 
(opposites), gave the following results expressed in time, per- 
centage of errors, and mistakes : 

No, of 7-9 A. M. 12-2 P. M. 4-6 P. M. 9-11 P. M. 

Words Time P. E. Mis. Time P. E. Mis. Time P. E. Mis. Time P. E. Mis. 

100 59.8 2.14 0.6 S3.5 1.67 0.7 53.6 1.94 0.6 55.5 1.92 0.5 

These results, and those from the color-naming experiments, 
are completely in accord with the results we have obtained in 
the cancellation test. 


Op, cit.y p. 46. 
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.Marsh, in i*x|u‘rhtu*uts with tht‘ faniiliar '‘A" i*nm*t*l!atiuii 
test found tlu‘ r(»llowin^:‘“* 
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The same \vritt‘i\ in tvsis ot* diNt rinuri.inu ria.iinn. with 
the riglit Innul tn red, ami the left hauti !•« hln,-. u^snv** n 
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will Iw {m-wJlUMi. tvs..rvtlltf a !.'r. at. r ,,t !h, d; .n. ^ aMn r„r 

a lat«‘r lim<- wlu*n th.- iha! wsii .ii-i.- .u u. u.. .li,,}, 

seetions ran mow readil> be !m b*-.iU' 

Fiffun* n NhottJi til.- iUrlajrr . ijn. , f,„ Hi. fiitif 

turns [diimt ill si-rit'.. li is . li.i. iii Hi.u h.. . ui-.. . i'.if! lutii 
two ffrmips, within whi.-h th.- , v., a... . . .i, . 
than the (iiir«*ivni'i-s. in it„. tii-.,? j.| .,.,.,1 

tion, iiiulti|ili*-)iti<.n, inulit.in nn.l vs i.t.i! r, 

ami cotiiph.fion. |„ „ti „r , . 

riso in <•(!«■!, .n,.y fnim ‘i ». j y. ^ 

of tiitrm'iii}; hut atwnv t UuInc.jJ.J* « i» 1 

suhscqiii'ut risi‘ ilnriiij^ tin- li,sf hM-.u- 

hi th.-.smm,r ttlu. i. 4 ...*,, 4 . ,1, .. iih s. aHuv. qHit,- 

dmtiiwt from tin- on.. .h.M.nl,..!, ?«. 5.;.. , ,! 



im] 


Oates: Variations in Effieieneij 


J>7 


acHniraey of movomt'iit aiul the proeossos involvod in tho t»nn- 
(^‘llatiou tost. Tlio avcrajjr<‘ ourv<*s of this j^rcnij) aro similar to 
those of the forim^r jrroup, in showinjr a rist^ in efiu*itnu‘y durina: 
the forenoon; hut are niarkt‘dly <Ufferent in showing a superi- 
ority at 1 i\ M. over the nuu'ninjr, and in showiiijr the last hour 
of the sehool day to he that of j^n'att^st etrieieiiey. 

The funetions within eaeh {xroup an* <»f a similar nature, hut 
those of OIK* jirroup dliXer in kitid from those of tin* (vther. In tla* 
first fi^roup, whost* eurve of <*tTieieney is eharaett‘ri/.ed hy tin* 1 1 
oVloek maximum and tin* <ieen‘aMt* at 1 e. m., are found the 
funetions of a more pun‘ly mental type. In tin* st*t*on<i 
whieh shows an alnuKst e<mtinual inerense during the day, an* 
found tin* funetions whieh are pronouneetlly m<»t<u\ Within 
tin* latter ^roup, the <*urve of the more pun*ly mot<»r furn^thm, 
spi*ed of movement <litrers more from the eurves of tin* mental 
funetions than d<a*s the eurve of the enm*ellution ttrst, whieh in 
addition to its motor elements is partly dependt*nt u|)on tin* 
(‘ff<*etiveness of eertuin mental aetivities sueh as attention, dis 
crimination and j)ereepti<m. 


VIl 

( ’iiHUta^vTioN tit* TUK Ti>;sts 

Fnmi tin* <lnta used in the preeedin^»: seetions the eorrelntions 
hetwet*n the various tt*sts iiave lasm eompufed. Tin* work of 
stinh'nts wh<» <lid tmt etnuplete all of the tests for the full penod 
of five days was left out <»f i*t»nsiderntion, toro-tfier with all the 
work whieh for various reascuis enumerated al*ove i pp. jf, ^ wa^ 
thou^4:ht to lie unt rust w'orthy. 

Tin* sum <if tin* seores made hy n suhjeet in eneli of tin* live 
trials of en<’h test was i*mployed in <letermininr: his rank in that 
test. 

Th(* results <if eaeh elnss w‘ere <Iivided nee(irt!in|f to se\, ftir 
tin* reason that se\ ditrt*rene«*N, if there were sueh, would icive 
tile appearauee <»f n e<irrelnfion in the results where none ws»nld 
he found wdien the sexes Were taken sepurately, Mor«s»ver, 
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separation of tiie sexes would show us definitely what sex dif- 
fer<‘iiees, if any, exist. 

For computin^^ the eoeffieieiits of correlation, the familiar 
torinula which is adapted to rank-differences was used.^‘^^ 

6 D- 

r — 1 . 

n(n- — 1) 


L (Uyrrdations Shoivn by Different Groups 


Tlie first st‘ri(‘s of tables (XII to XXIII) show the correla- 
tions tor <‘ach of tlui separate groups, both the correlation of one 
test witli eneli of tlie others and also the average of the correla- 
tions of a sin^lt' test with t‘aeli of the otlno's. The corri^lations 
vary (lt‘eidetlly fnnu 5 »*roup to j>:roup, as may Ix^ seen from com- 
parison of tin* tables. 


T((hlr XII. E. ad. if Girls 

tu this class we find that multiplication eorr<‘lates positively 
althou<»:h in siJiiu* <*ast‘s tin* co(*flicimit is nearly zt*ro— with all 
tin* tests, save s[H*(*d of movc*m(‘nt. Tin* hi^h(*st (*orn*lation 
( ( .49) is with addition; cancellation ( [ .48) is n(*xt in order; 
with complcti<ui ( ( .42) following. Th(*rt* is but litth* corn4a- 
tion hetwtsni memory or r<‘(*o}xnition and (*ith(*r of th(‘S(* forms 
(»r compulation. Sj)<*e<l and accuracy of movenu‘nt an* stronjiyly 

correlated nepiliv(‘ly ( .74). It is probabh* that this is h\vfi:a]y 

(bn* to the <4n»ic<' of workiii}*: mctho<l by the sub.j<‘cts a matt(*r 

whicli lias been rt*f(*m*d to bt*fore. Sonn* subjects work fast 
ami main* many (*rrors, while (dhers draw with (‘xtr(*m(* care 
an<l mnkt* ft*wer errors but cov<»r r<*lativ(‘ly small distHnct‘S. 

Aside frtnn tho.s<* m(*ntion(*(h the* only other hijjch corr(*lati()n 
found in this *?roup is that lH‘twecn visual and auditory m<*mory, 
whii’h is j .S(>. Tin* coedici<‘nt in tin* case* of visual memory 

eo For an nmilysis of Ihl.s formula see Thorndike, K. b., Mental and 
Snrtaf MeaHurrmnitH ( Kd. 2; New York. 1912), p. U»S. or Whipple, 
(i. M., Manual nf Vtnfsienl and Mendal Tents (1914), vol. 1, p. 41. 
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and recognition is + .49 ; auditory memory and recognition, 
+ .45. 

From the average correlation of one with all the other tests, 
it is seen that recognition has the highest coefficient (+ .235), 
with multiplication second (+ .202) ; accuracy shows a nega- 
tive correlation. In no case is the correlation of one with all 
the other tests high enough to have much significance. 


TABLE XII 

E. a6. Foxjbteen Girls 



Mult. 

Add . 

Speed 

Acc.102 

Compl. 

Cane. 

And . 

Vis. 

Beco^:. 

Mult 


+.49 

—.24 

+.31 

+.42 

+.48 

+.12 

+.01 

+.03 

Add 

+.49 


+.02 

+.03 

+.17 

+.44 

—.16 

—.05 

+.04 

Speed 

—.24 

+.02 


—.74 

+.16 

—.08 

—.20 

—.18 

+.12 

Acc 

+.31 

+.03 

—.74 


+.04 

—.08 

+.25 

+.35 

+.08 

Compl 

+.42 

+.17 

+.16 

+.04 


+.42 

—.12 

—.18 

+.30 

Cane 

+.48 

+.44 

—.08 

—.08 

+.42 


.00 

—.26 

+.37 

And 

+.12 

—.16 

—.20 

+.25 

—.12 

.00 


+.86 

+.45 

Vis 

+.01 

—.05 

—.18 

+.35 

—.18 

—.26 

+.86 


+.49 

Recog 

+.03 

+.04 

+.12 

+.08 

+.30 

+.37 

+.45 

+.49 


All Tests.. 

+.202 

+.122 

—.132 +.03 

+.15 

+.161 +.15 

+.13 

+.235 


102 In the scores for accuracy the smaller number represents the 
higher quality of work; consequently the subject with the smallest 
number ranked no. 1 , and so on down. 
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Table XIII. E. a6, 15 Boys 

The correlation of multiplication and addition (+ .64) is 
greater than among the girls of the same class, and a very 
marked difference is shown by the negative correlation between 
auditory and visual memory ( — .14). It will be noted that 
among the boys the computation tests correlate positively with 
speed and negatively with accuracy, which is exactly the oppo- 
site of what is shown in the girls' group. The boys' group 
agrees with the girls' group in showing but small correlations 
of one with all the tests. 


TABLE XIII 
E. a6. Fifteen Boys 


Hult. Add. Speed Acc. Compl. Cane. And. Vis. Becog. 

Mult +.64 +.15 —.14 +.35 +.26 +.21 —.34 +.17 

Add +.64 +.09 +.05 +.03 +.59 +.30 —.34 +.33 

Speed +.15 +.09 —.86 +.54 +.47 —.45 .00 +.37 

Acc —.14 +.05 —.86 —.18 —.32 +.49 +.08 —.11 

CompL.... +.35 +.03 +.54 —.18 +.19 —.18 —.05 +.47 

Cane +.26 +.59 +.47 —.32 +.19 —.10 —.13 +.56 

And +.21 +.30 —.45 +.49 —.18 —.10 —.14 +.20 

Vis —.34 —.34 .00 +.08 —.05 —.13 —.14 +.02 

Recog. +.17 +.33 +.37 —.11 +.47 +.56 +.20 +.02 

AU Tests.. +.162 +.21 +.04 —.123 +.146 +.19 +.041 —.11 +.25 
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Table XIV. L. a£. 10 Girls 

The correlations here are in most respects similar to those 
found in the girls’ group of class E a6. Addition and multipli- 
cation are strongly correlated (+ -74) ; auditory and visual 
memory show a correlation of + .40 ; speed and accuracy are 
negatively correlated ( — .71), and there is no correlation be- 
tween arithmetic and memory, except one negative coefficient 
( — .80) between addition and visual memory. 

No test shows a significant correlation with all other tests, 
the coefficient + .142 of auditory memory and of + .138 of 
multiplication being the highest. 


TABLE XIV 
L. a6. Ten Girls 


Mult. Add. Speed Ace. Compl. Cane. And. Vis. Recog. 

Mult +.74 —.46 +.37 +.44 —.58 +.05 +.05 +.50 

Add +.74 —.57 +.42 +.06 —.26 +.07 —.80 +.66 

Speed ..... —.46 —.57 —.71 +.01 +.39 +.05 +.32 —.15 

Acc +.37 +.42 —.71 —.20 .00 +.15 —.03 +.15 

Compl +.44 +.06 +.01 —.20 —.12 +.05 +.27 —.32 

Cane —.58 —.26 +.39 .00 —.12 +.30 —.09 —.05 

And +.05 +.07 +.05 +.15 +.05 +.30 +.40 +.07 

Vis +.05 —.80 +.32 —.03 +.27 —.09 +.40 +.09 

Recog +.50 +.66 —.15 +.15 —.32 —.05 +.07 +.09 

All Tests.. +.138 +.04 —.14 +.187 +.024 —.051 +.142 +.026 +.12 



1916] 


Gates: Yariations in Efficiency 


103 


Table XY, L, a6, 17 Boys 

There is still a fair correlation between the two forms of 
arithmetical work (+ .68), and a higher one for the two memory 
tests (+.88). It is noticeable that although the correlation 
between the members of these two related pairs is very high, 
the correlation between a member of one with a member of the 
opposite pair is negative in every case. Computations correlate 
negatively with accuracy of movement, and have no correlation 
with speed. The completion test correlates strongly only with 
the cancellation test, and shows a fair correlation with all others 
(+.24). The visual memory shows a correlation of +.21, 
recognition shows a correlation of + .15, the auditory memory 
test a correlation of + .145 with all others ; these are the only 
correlations of significant magnitude. 

TABLE XV 

L. a6. Seventeen Boys 


Mult. Add. Speed Acc. Compl. Cunc. Aud. Vis. Becog. 

Mult +.68 +.04 —.21 +.04 +.01 —.09 —.41 —.03 

Add +.68 —.01 +.05 +.14 —.21 —.65 —.40 —.09 

Speed +.04 —.01 —.85 —.31 +.36 —.17 +.02 +.24 

Acc. —.21 +.05 —.85 +.42 —.46 +.32 +.51 —.04 

Compl +.04 +.14 —.31 +.42 +.59 +.15 +.49 +.31 

Cane +.01 —.21 +.36 —.46 +.59 +.14 +.22 —.03 

Aud —.09 —.55 —.17 +.32 +.15 +.14 +.88 +.48 

Vis —.41 —.40 +.02 +.51 +.49 +.22 +.88 +.36 

Recog. —.03 —.09 +.24 —.04 +.31 —.03 +.48 +.36 

AllTests.. +.14 +.048 —.087 —.032 +.24 +.077 +.145 +.21 +.15 
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Table XYl, W. a5. 15 Girls 

In this table it is seen that the completion test, sometimes 
said to be a good test for general intelligence, shows on the 
whole no correlation with the other tests. The lack of correla- 
tion between recognition and auditory memory is marked, and 
the correlation between visual memory and recognition is loTvr 
(+.28). Memory for visual and memory for auditory digits 
correlate to the extent of + .48 ,* multiplication and addition 
show the high correlation of + .88. 


TABLE XVI 
W, a5. Fifteen Girls 


Hult. Add. Speed Acc. Compl. Cane. And. Vis. Becog. 

Miat +.88 +.36 —.13 +.09 +.47 +.05 +.01 —.12 

Add +.88 .00 .00 +.16 +.35 —.01 +.18 +.06 

Speed +.36 .00 —.86 —.56 +.03 +.02 +.10 —.69 

Acc —.13 .00 —.86 +.31 +.04 —.10 +.03 +.44 

Compl +.09 +.16 —.56 +.31 —.08 +.02 +.01 —.26 

Cane. +.47 +.35 +.03 +.04 —.08 +.43 +.26 —.30 

And +.05 —.01 +.02 —.10 +.02 +.43 +.48 —.13 

Vis +.01 +.18 +.10 +.03 +.01 +.26 +.48 +.28 

Recog. —.12 +.06 —.69 +.44 —.26 —.30 —.13 +.28 

All Tests.. +.201 +.202 —.20 —.033 —.039 +.15 +.095 +.198 —.085 
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Table XVII. W. a5. 13 Boys 

There is notable here a high negative correlation ( — .95) 
between speed and accuracy. The completion test correlates 
negatively with the computation tests — ^positively, to some ex- 
tent, with memory and recognition. In three of the preceding 
groups the facts have been just the opposite. Addition and 
multiplication in this, as in all preceding groups, correlate 
highly (-f .74). Visual and auditory memory also show a posi- 
tive correlation (+ .30). Auditory (+ .13) and visual memory 
(+ .14) and multiplication (+ .11) are the only tests which 
show a noticeable correlation with all the others. 

TABLE XVII 


W. a 5. Thirteen Boys 



Mult. 

Add. 

Speed 

Acc. 

Compl. 

Cane. 

Aud. 

Vis. 

Recog. 

Mult 


+•74 

—.24 

+.38 

—.18 

+.04 

+.18 

+.30 

—.31 

Add 

+.74 


—.16 

+.06 

—.45 

+.01 

—.03 

—.23 

—.26 

Speed 

—.24 

—.16 


—.95 

+.26 

+.04 

—.68 

.00 

—.39 

Acc 

+.38 

+.06 

—.95 


—.22 

+.01 

+.77 

+.25 

+.46 

Compl 

—.18 

—.45 

+.26 

—.22 


+.11 

+.24 

+.45 

+.31 

Cane 

+.04 

+.01 

+.04 

+.01 

+.11 


—.07 

.00 

+.02 

Aud 

+.18 

—.03 

—.68 

+.77 

+.24 

—.07 


+.30 

+.34 

Vis 

+.30 

—.23 

.00 

+.25 

+.45 

.00 

+.30 


+.07 

Recog 

—.31 

—.26 

—.39 

+.46 

+.31 

+.02 

+.34 

+.07 


All Tests.. 

+.113 

—.04 

—.262 +.095 +.065 +.02 

+.131 

+.142 

+.03 
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Table XVIIL E, U. 19 Girls 

Only two high positive correlations are found in this table: 
multiplication has a correlation of ,14^ with addition; and 
visual memory of + .82 with auditory memory. A fair correla- 
tion, however, is found between multiplication and cancellation 
(+ .43) ; between addition and completion (-|- .47) ; between 
addition and cancellation (+.47); and between addition and 
auditory memory (+ .41). Visual memory shows a correlation 
of + .346 with all tests ; multiplication, addition and completion 
also show correlations of over + .20 with all others. Speed 
correlates positively to but a small extent with most of the tests, 
while accuracy shows a negative correlation of about equal 
magnitude. 

TABLE XVIII 
E. b6. Nineteen Girls 


Mult. Add. Speed Acc. Compl. Cane. Aud. Vis. Recog. 

Mult +.74 +.21 —.30 +.17 +.43 +.14 +.16 +.12 

Add +.74 +.21 —.40 +.47 +.47 +.41 +.25 +.11 

Speed +.21 +.21 —.39 +.59 +.12 +.29 +.37 —.37 

Acc —.30 —.40 —.39 —.18 —.10 —.28 —.09 +.32 

Compl +.17 +.47 +.59 —.18 +.17 +.29 +.23 —.03 

Cane +.43 +.47 +.12 —.10 +.17 —.39 +.21 —.33 

Aud +.14 +.41 +.29 —.28 +.29 —.39 +.82 +.13 

Vis +.16 +.25 +.37 —.09 +.23 —.21 +.82 —.19 

Recog. +.12 +.11 —.37 +.32 —.03 —.33 +.13 —.19 

All Tests.. +.21 +.28 +.13 —.178 +.213 +.02 +.176 +.346 —.03 
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Table XIX. E. bS. 11 Boys 

A very higli correlation (+ .93) is shown in this table be- 
tween the two forms of memory test; a high correlation (+ .79) 
is also shown between addition and multiplication. The com- 
pletion test shows a negative correlation with arithmetic, which 
is of about the same magnitude as the positive correlations 
between the same tests found among the girls of the same class. 
The cancellation test shows a correlation of + -44 with speed 
of movement. The very high negative correlation between the 
computation tests and both forms of memory is exceptional. 
The recognition test shows the highest general correlation, which, 
however, amounts to but + .15 ; multiplication shows a general 
correlation of — .10, which is chiefly due to the very large 
negative correlations which that function made with the memory 
tests. No noticeable general correlation is shown by any of 
the other tests, 

TABLE XIX 
E, b6. Eleven Boys 


Mult. Add. Speed Acc. Compl. Cane. And. Vis. Becog. 

Mult +.79 +.11 +.16 —.21 +.25 —.89 —.86 —.19 

Add +.79 +.10 +.62 —.40 .00 —.59 —.48 +.01 

Speed +.11 +.10 —.83 +.71 +.44 —.01 —.22 +.44 

Acc +.16 +.62 —.83 —.50 —.22 —.14 +.04 —.22 

Compl —.21 —.40 +.71 —.50 +.18 +.07 —.08 —.14 

Cane +.25 .00 +.44 —.22 +.18 —.15 —.15 +.27 

Aud —.89 —.59 —.01 —.14 +.07 —.15 +.93 +.58 

Vis —.86 —.48 —.22 +.04 —.08 —.15 +.93 +.50 

Recog. —.19 +.01 +.44 —.22 —.14 +.27 +.58 +.50 

AllTests.. —.105 +.62 +.092 —.13 —.046 +.077 —.025 —.04 +.155 
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Table XX. L. b6. 19 Qirls 

Tlie correlation between multiplication and addition is 
strongly positive (+.66), as is that of auditory and visual 
memory (+.56), although both are lower than usual; while 
those of completion and arithmetic, as of arithmetic and memory, 
are higher than usual. With the exception of accuracy, all 
functions show fairly high correlations with each other in this 
table. The completion test stands at the head in general corre- 
lation (+ .368) ; next is auditory memory (+ .343) and visual 
memory (+ .333) ; which are only slightly superior to addition 
and multiplication, with correlations of + .347 and + .325 
respectively. 


TABLE XX 

L. b6. Nineteen Girls 



Mult. 

Add. 

Speed 

Acc. 

Compl. 

Cane. 

And. 

Vis. 

Recog. 

Mult 


+.66 

+.25 

—.12 

+.46 

+.16 

+.64 

+.45 

+.10 

Add 



+.35 

—.11 

+.70 

+.32 

+.37 

+.54 

—.05 

Speed 

+.25 

+.35 


—.70 

+.64 

+.14 

+.58 

+.54 

+.03 

Acc 

—.12 

—.11 

—.70 


—.12 

+.03 

—.25 

—.40 

+.19 

Compl 

+.46 

+.70 

+.64 

—.12 


+.09 

+.52 

+.60 

+.06 

Cane 

+.16 

+.32 

+.14 

+.03 

+.09 


+.14 

+.26 

—.17 

And 

+.64 

+.37 

+.58 

—.25 

+.52 

+.14 


+.56 

+.19 

Vis 

+.45 

+.54 

+.54 

—.40 

+.60 

+.26 

+.56 


+.15 

Recog 

+.10 

—.05 

+.03 

+.19 

+.06 

—.17 

+.19 

+.15 


All Tests.. 

+.326 

+.347 

+.23 

—.185 

+.368 

+.121 

+.343 

+.333 

+.062 
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1&16] 


Table XXI. L. b6. 11 Boys 

Again we jSnd a higK correlation between multiplication and 
addition (+.73), as well as between memory for visual and 
memory for auditory digits (+.82). It is of interest to com- 
pare the correlations here with those of the girls in the same 
class, with regard to the completion test. With the girls the 
correlations were mostly positive, and a coefficient of + .368 
was found with all the others. With the boys the correlations 
are nearly all of a decidedly negative character, and the average 
correlation with all tests would be much more strongly negative 
were it not for the singularly high positive correlation of + .51 
which this test shows with recognition. This same difference 
between the boys and girls with regard to the correlations in 
which the completion test is concerned, has been found in sev- 
eral classes above. Most of the tests show a very slight positive 
correlation with all others, in this table, but none are sufficiently 
large to be significant. 


TABLE XXI 
L. b6. Eleven Boys 


Mult. Add. Speed Ace. Compl. Cane. And. Vis. Kecog. 

Mult +.73 +.29 —.32 —.02 +.52 —.39 —.16 +.32 

Add +.73 +.28 —.65 +.16 +.30 —.37 —.01 +.28 

Speed...... +.29 +.28 —.90 —.01 +.44 —.08 .00 +.11 

Acc —.32 —.65 —.90 —.04 —.30 +.12 +.04 —.01 

Compl —.02 +.16 —.01 —.04 —.30 —.22 —.35 +.51 

Cane +.52 +.30 +.44 —.30 —.30 +.07 +.16 +.27 

Aud —.39 —.37 —.08 +.12 —.22 +.07 +.82 —.29 

Vis —.16 —.01 .00 +.04 —.30 +.16 +.82 —.42 

Eecog. +.32 +.28 +.11 —.01 +.51 +.27 —.29 —.42 

AllTests.. +.12 +.09 +.016 +.257 —.033 +.145 —.042 +.01 +.096 
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Table XXII, W, 16, 11 Girls 

The most singular trait shown by this table is the presence 
of negative correlations between visual memory and nearly all 
of the other functions. The completion test shows no correla- 
tion with the computation tests, but shows a fair correlation 
with the memory tests and recognition tests. Speed of move- 
ment shows a very high correlation (+.94) with cancellation; 
multiplication shows a high correlation with addition; but 
auditory and visual memory show a smaller correlation than 
normally. No test shows a noticeable general correlation, save 
the completion test in which the coefficient is + .21. 

TABLE XXII 
W. b6. Eleve3s^ Girls 


Mult. Add. Speed Acc. Compl. Cane. And. Vis. Eecog. 

Mult +.78 —.27 +.44 +.08 +.09 .00 —.13 —.22 

Add +.78 —.27 +.76 .00 +.19 —.25 —.37 —.12 

Speed. —.27 —.27 —.69 +.19 +.94 —.60 —.18 +.63 

Acc +.44 +.76 —.69 —.07 —.66 +.11 —.05 —.38 

Compl +.08 .00 +.19 —.07 +.26 +.36 +.30 +.57 

Cane +.09 +.19 +.94 —.66 +.26 —.38 —.35 +.73 

Aud 00 —.25 —.60 +.11 +.36 —.38 +.30 —.15 

Vis —.13 —.37 —.18 —.05 +.30 —.35 +.30 —.18 

Recog —.22 —.12 +.63 —.38 +.57 +.73 —.15 —.18 

AllTests.. +.096 +.09 —.031 —.067 +.211 +.102 —.076 —.082 +.11 
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Talle XXlll. W. U, 17 Boys 

With the boys again, the completion test is negatively cor- 
related with arithmetic, the figures being — .32 for multiplica- 
tion, and — .10 for addition. No large correlations are shown 
by this group, save one of — .87 for speed and accuracy, one of 
+ .80 for addition and multiplication, and one of + for 
visual and auditory memory. Each of the tests shows a small 
positive correlation with all others, the largest being + *22, 
found in cancellation, visual memory and auditory memory. 


TABLE XXIII 
W. b6. Seventeen Boys 



Mult. 

Add . 

Speed 

Acc. 

Compl. 

Cane. 

Aud . 

Vis. 

Recog. 

Mult 


+.80 

+.21 

+.01 

—.32 

+.31 

—.08 

+.04 

+.06 

Add 

+.80 


+.06 

—.05 

—.10 

+.66 

+.04 

+.11 

—.18 

Speed 

+.21 

+.06 


—.87 

+.33 

+.25 

+.58 

+.33 

—.03 

Acc 

+.01 

—.05 

—.87 


—.09 

+.02 

—.39 

—.23 

—.15 

Compl 

—.32 

—.10 

+.33 

—.09 


+.23 

+.51 

+.49 

+.27 

Cane 

+.31 

+.66 

+.25 

+.02 

+.23 


+.32 

+.29 

—.26 

And 

—.08 

+.04 

+.58 

—.39 

+.51 

+.32 


+.64 

+.20 

Vis 

+.04 

+.11 

+.33 

—.23 

+.49 

+.29 

+.64 


+.13 

Recog 

+.06 

—.18 

—.03 

—.15 

+.27 

—.26 

+.20 

+.13 


All Tests.. 

+.13 

+.167 

-1-.107 

—.193 +.167 +.227 +.227 

+.225 

+.05 
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Tables XXIV and XXV. Average Results for Each Sex 

In the average results, the differences between the sexes 
do not appear very striking. The correlation of certain tests, 
however, show distinct differences: in the correlation of multi- 
plication and completion, the girls show a positive correlation of 
+ .27 while the boys show a negative coefficient of — .05 ; in 
multiplication and auditory memory, the girls have a coefScient 
of + .16 while the boys have a correlation of — .17 ; in case of 
multiplication and visual memory, the girls show a slight posi- 
tive correlation (-+- .09) while the boys show a negative correla- 
tion of — .24 ; and the coefficients for multiplication with all 
other tests is for the girls + XI, and for the boys + -06. Very 
similar differences between the sexes are shown in the correla- 
tions of addition with other tests, both singly and all together. 
Other correlations show but small differences between sexes 
except that the correlation of completion with all other tests is 
for the girls + .15 and for the boys + -^9 ; a difference which 
results largely from the fact that among the girls completion 
correlates positively with computations, but negatively among 
the boys. 


TABLE XXIV 


Average Correlation of Tests of All the Girls’ Groups 



Mult . 

Add . 

Speed 

Acc . 

Compl . 

Cane . 

Aud . 

Vis . 

Eecog . 

Mult....... 


+.71 

—.02 

+.09 

+.27 

+.17 

+.16 

+.09 

+.07 

Add 

+.71 


—.04 

+.11 

+.26 

+.23 

+.07 

—.04 

+.11 

Speed .... 

—.02 

—.04 


—.68 

+.17 

+.25 

+.02 

+.16 

—.07 

Acc 

+.09 

+.11 

—.68 


—.04 

—.13 

—.02 

—.03 

+.13 

Compl. .. 

+.27 

+.26 

+.17 

—.04 


+.12 

+.18 

+.20 

+.05 

Cane 

+.17 

+.23 

+.25 

—.13 

+.12 


+.01 

.00 

+.04 

Aud 

+.16 

+.07 

+.02 

—.02 

+.18 

+.01 


+.57 

+.09 

Vis 

+.09 

—.04 

+.16 

—.03 

+.20 

.00 

+.57 


+.10 

Recog. 

+.07 

+.11 

—.07 

+.13 

+.05 

+.04 

+.09 

+.10 


All Tests 

+.19 

+.17 

—.02 

—.09 

+.15 

+.08 

+.13 

+.13 

+.06 
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TABLE XXV 

Average Correlation of Tests of All the Boys’ Groups 


Mult. Add. Speed Acc. Compl. Cane. And. Vis. Becog. 

Mult....... +.73 +.09 —.02 —.05 +.23 —.17 —.24 .00 

Add +.73 +.06 +.01 —.10 +.22 —.20 —.22 +.01 

Speed.... +.09 +.06 —.87 +.25 +.33 —.12 +.02 +.12 

Acc —.02 +.01 —.87 —.10 —.21 +.20 +.11 —.01 

Compl... —.05 —.10 +.25 —.10 +.16 +.09 +.16 +.29 

Cane +.23 +.22 +.33 —.21 +.16 +.03 +.06 +.14 

Aud. —.17 —.20 —.12 +.20 +.09 +.03 +.57 +.25 

Vis —.24 —.22 +.02 +.11 +.16 +.06 +.57 +.11 

Recog 00 +.01 +.12 —.01 +.29 +.14 +.25 +.11 

AllTests +.09 +.06 —.01 —.11 +.09 +.12 +.08 +.07 +.11 


Table XXVL Average of All Preceding Tables 

The table above is computed by averaging the figures of the 
twelve groups which have just been considered. It is evident 
that no single test has a high correlation with all of the tests 
taken together. Multiplication with a coefficient of + -132 is 
the highest, and this is so low as to be of little significance. The 
completion test and the addition test, with correlations of + .12, 
follow in rank, and are only slightly higher than the correlation 
of + .11 shown both by the cancellation test and the visual 
memory test, or than the correlation of + .103 shown by the 
recognition test. The average correlation for all of the other 
tests are almost zero. 


TABLE XXVI 


Average Correlation of Tests of All Groups of Both Sexes 



Mult. 

Add. 

Speed 

Acc. 

Compl. 

Cane. 

Aud. 

Vis. 

Recog. 

Mult 


+.72 

+ .03 

+.04 

+.11 

+.20 

—.01 

—.07 

+.04 

Add 

+.72 


+.01 

+.07 

+.07 

+.24 

—.06 

—.13 

—.07 

Speed .... 

+.03 

+.01 


—.76 

+.21 

+.29 

—.06* 

+.09 

+.03 

Acc 

+.04 

+.07 

—.76 


—.07 

—.17 

+.09 

+.08 

+.14 

Compl. .. 

+.11 

+.07 

+.21 

—.07 


+.15 

+.14 

+.18 

+ .17 

Cane 

+.20 

+.24 

+.29 

—.17 

+.15 


+.03 

+.04 

+.09 

Aud 

—.01 

—.06 

—.06 

+.09 

+.14 

+.03 


+.57 

+.17 

Vis 

—.07 

—.13 

+.09 

+.08 

+.18 

+.04 

+.57 


+.11 

Recog 

+.04 

+.07 

+.03 

+.14 

+.17 

+.09 

+.17 

+.11 


AllTests 

+.132 

+.12- 

—.02 

—.072 

+.12 

+.11 

+.096 

+.11 

+.103 
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2. Correlation of Test with Test 

Tables XXVII to XXX are arranged to show more clearly 
the average correlations of single tests, and the variations which 
are found between groups and between sexes. 

(1) Multiplicatimi — additian. — The correlation between these 
two functions is the largest found among the tests in this work. 
The average coefficient of + .72 is significant, especially in view 
of the fact that a similar positive correlation is repeated by 
every group of either sex. 

(2) Multiplication — speed, — There is no correlation shown 
in the aggregate. In some groups the coefficient is negative; 
in others, positive. No sex differences are evident. 

(3) Multiplication — accuracy. — There is no correlation on 
the whole. Generally a group which shows a positive correlation 
between speed and multiplication shows a negative correlation 
between accuracy and multiplication, or vice versa. There are 
no sex differences. 

(4) Multiplication — completion. — A. positive correlation of 
+ .276 exists among the girls, and a negative correlation of 
— .056 among the boys. All of the girl groups and two of the 
.boy groups show a positive correlation — a fair yet not satisfying 
evidence of a sex difference. Taking all the groups together, 
the positive correlation is very small. 

(5) Multiplication — cancellation. — small positive correla- 
tion is repeated in eleven of the twelve groups, with no sex 
differences. 

(6) MultipUcatimi — auditory memory. — There is no correla- 
tion on the whole. The girls show various small correlations of 
a positive sort, while the boys in four cases out of six show a 
negative correlation. A sex difference is slightly but not satis- 
factorily indicated. 

(7) Multiplication — visual memory. — The correlations here 
are much the same as those foundj with auditory memory, 
although the sex differences are even less apparent. 

(8) Multiplication — recognition. — ^No correlation on the 
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whole appears. There are large variations between groups, and 
no sex differences. 

TABLE XXVII 


Girls — 

Multipl. 

Additio 

Multipl. 

Speed 

Multipl. 

Accui*. 

Multipl. 

Compl. 

Multipl. 

Cane. 

Multipl. 

And. 

Multipl. 

Vis. 

Multipl. 

Recog. 

E. a 6 

... +.49 

—.24 

+.31 

+.42 

+.48 

+•12 

+.01 

+.03 

L. a 6 

... +.74 

—.46 

+.37 

+.44 

—.58 

+.05 

+.05 

+.50 

W. a 5 

.... +.88 

+.36 

—.13 

+.09 

+.47 

+.05 

+.01 

—.12 

B. b6 

... +.74 

+.21 

—.30 

+.17 

+.43 

+.14 

+.16 

+.12 

L, b6 

+.66 

+.25 

—.12 

+.46 

+.16 

+.64 

+.45 

+.10 

W. b 6 

... +.78 

—.27 

+.44 

+.08 

+.09 

.00 

—.13 

—.22 

Boys — 









E. a 6 

.... +.64 

+.15 

—.14 

+.35 

+.26 

+.21 

—.34 

+.17 

L. a6 

... +.68 

+.04 

—.21 

+.04 

+.01 

—.09 

—.41 

—.03 

W. a 5 

.... +.74 

—.24 

+.38 

—.18 

+.04 

+.18 

+.30 

—.31 

E. b 6 

... +.79 

+.11 

+.16 

—.21 

+.25 

—.89 

—.86 

—.19 

L. b6 

... +.73 

+.29 

—.32 

—.02 

+.52 

—.39 

—.16 

+.32 

W. b6 

... +.80 

+.21 

+.01 

—.32 

+.31 

—.08 

+.04 

+.06 

Average ..... 

... +.722 +.034 

+.037 +.11 

+.203 

—.005 

—.073 

+.035 


1 

2 

3 

4 

5 

6 

7 

8 


(9) Addition — speed, — Show no general correlation, but 
variations between groups, without sex differences. 

(10) Addition — accuracy. — Show no correlation. The corre- 
lation for any given group is generally the opposite of that 
found between addition and speed. There are no sex differences. 

(11) Addition — completion. — There is no correlation on the 
whole. Positive correlations are more common among the girls, 
but sex differences are not clear. 

(12) Addition — cancellation. — Show a positive correlation 
of + .24 in the average. A positive correlation is found for 
every group except three. Motor activities, recognition of 
digits and similar factors of attention are common to both of 
these functions. The correlation probably shows that to a cer- 
tain extent these common factors determine the quantity and 
quality of work in either function. The average correlation 
found for multiplication and cancellation is nearly the same as 
that found here. 
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(13) Addition — auditory memory. — No correlation is shown 
in the average. No evidence of sex differences is shown. 

(14) Addition — visual memory. — Small negative correlations 
on the whole are shown. Two groups show a coefficient of 
almost zero, four show a positive correlation, and six a negative 
— ^which would indicate that the average with a larger number 
of groups would approach zero. No sex differences are shown. 

(15) Addition — recognition. — There is no correlation on the 
whole and no evidence of sex differences. 


TABLE XXVIII 



Add . 

Speed 

Add . 

Accur 

GrIRLS — 

E . a 6 . 

+.02 

+.03 

L . a 6 

—.57 

+.42 

W . a 5 

00 

.00 

E . b 6 

+.21 

—.40 

L . b 6 

+.35 

—.11 

W . b 6 

—.27 

+.76 

Boys — 

E . a 6 

+.09 

+.05 

L . a 6 

—.01 

+.05 

W . a 5 

—.16 

+.06 

E . b 6 

+.10 

+.62 

L . b 6 


—.65 

W . b 6 

+.06 

—.05 

Average 

+.093 

.065 


9 10 


. 'S 

S I 

• d 

§ 


S2 

bo 

r§ § 

< o 

< O 


Oj t> 


+.17 

+.44 

—.16 

-.05 

+.04 

+.06 

—.26 

+.07 

-.80 

+.66 

+.16 

+.35 

—.01 

+.18 

+.06 

+.47 

+.47 

+.41 

+.25 

+.11 

+.70 

+.32 

+.37 

+.54 

-.05 

.00 

+.19 

—.25 

—.37 

-.12 

+.03 

+.59 

+.30 

—.34 

+.33 

+.14 

—.21 

—.55 

—.40 

-.09 

—.45 

+.01 

—.03 

—.23 

-.26 

—.40 

.00 

—.59 

—.48 

+.01 

+.16 

+.30 

—.37 

—.01 

+.28 

—.10 

+.66 

+.04 

+.11 

—.18 

.07 

+.24 

—.064 

—.13 

+.065 

11 

12 

13 

14 

15 


(16) Speed and accuracy. — There is a high negative correla- 
tion, repeated by all groups of both sexes. This, as has been 
said, probably shows a difference in method or general attitude, 
rather than a difference in ability. 

(17) Speed — completion. — small positive correlation in 
the average is shown. Eight groups show a positive correlation 
and two show negative correlations. On the whole there is no 
prominent correlation of either sort. No sex differences are 
clear. 

(18) Speed — cancellation. — A positive correlation of + .29, 
on the whole, is shown. The results indicate that these twc 
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functions are positively correlated insofar as the motor factors 
are common. The attentive and discriminative factors peculiar 
to the cancellation test may account for the fact that the corre- 
lation, although positive, is not high. No sex differences are 
shown. 

(19) Speed — auditory memory, — There is no correlation, on 
the whole, either positive or negative, and sex differences are 
not clear. 

(20) Speed — visual memory , — No correlation is shown, on 
the whole. More frequent and greater positive correlations are 
found among the girls than among the boys. 

(21) Speed — recognition, — ^No correlation appears. There 
are great differences in the results for different groups ; some of 
them show positive, others negative, correlations. No sex dif- 
ferences are shown. 

(22) Accu^racy — completimi, — These show no correlation in 
the average. No sex differences are evident. 


TABLE XXIX 


Girls* 


Speed 

Accur. 

Speed 

Compl 

Speed 

Cane. 

Speed 

And. 

Speed 

Vis. 

Speed 

Recog. 

Acc. 

Compl. 

E. 

a6 

—.74 

+.16 

—.08 

—.20 

—.18 

+.12 

+.04 

L. 

a6 

—.71 

+.01 

+.39 

+ .05 

+.32 

—.15 

—.20 

W. 

a5 

—.86 

—.56 

+.03 

+.02 

+.10 

—.69 

+.31 

E. 

b6 

—.39 

-1-.59 

+.12 

+.29 

+.37 

—.37 

—.18 

L. 

b6 

—.70 

+.64 

+.14 

+.58 

+.54 

+.03 

—.12 

W. 

b6 

—.69 

+.19 

+.94 

—.60 

—.18 

+.63 

—.07 

Boys- 

- 








E. 

a6 

—.86 

+.54 

+.47 

—.45 

.00 

+.37 

—.18 

L. 

a6 

—.85 

—.31 

+.36 

—.17 

+.02 

+.24 

+.42 

W. 

a5 

—.95 

+.26 

+.04 

—.68 

.00 

—.39 

—.22 

E. 

b6... 

— ,83 

+.71 

+.44 

—.01 

—.22 

+.44 

—.50 

L. 

b6 

—.90 

—.01 

+.44 

—.08 

.00 

+.11 

—.04 

W. 

b6 

—.87 

+.33 

+.25 

+.58 

+.33 

—.03 

—.09 

Average 

—.76 

+.212 +.29 

—.055 

+.09 

+.025 

—.07 



16 

17 

18 

19 

. 20 

21 

22 


(23) Accuracy — cancellation. — very slight negative corre- 
lation is shown. Seven groups show negative correlations rang- 
ing from — .08 to — .66 ; no noticeable positive correlations are 
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shown. Cancellation is correlated with speed rather than with 
accuracy of movement (see 18). 

(24) Accuracy — auditory memory. — No correlation is shown, 
on the whole. The groups range in correlation from — .39 to 
-f- .77. No sex differences are shown. 

(25) Accuracy — visual memory. — The correlation is about 
the same as for accuracy and auditory memory. No sex differ- 
ences are shown. 

( 26 ) Accuracy — recognition^. — Slight positive correlations 
are shown. The differences from group to group are so great, 
however, as to make it appear that the average correlation is 
purely accidental. There are no sex differences. 

(27) Completion — cmcellatio-n. — A very small positive cor- 
relation is shown. Three groups, however, show negative corre- 
lation. There are no sex differences. 

(28) Completion — auditory memory. — In general there is a 
small positive correlation, which is not shown by three groups. 
Sex differences are not discernible. 

(29) Completion^ — vmial memory. — Seven groups show a 
positive correlation; four, a negative; and one, no correlation; 
making an average of + .182. No sex differences can be made 
out. 
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(30) Completion — recogriition. — There is a total positive 
correlation of + .17, which is not shown by 25 per cent of the 
groups. There are no clear sex differences, although the boys 
tend more strongly to a positive correlation than do the girls. 

(31) Cmcellatio7i — auditory piemory. — ^No correlation, on 
the whole, is shown, and no sex differences. 

(32) Cancellation — visual memory. — No correlation and no 
sex differences are shown. 

(33) Cancellation — recognition. — ^No correlation is shown in 
the average. Sex differences are not clear, although the boys 
show more frequent and greater positive correlations than do the 
girls. 

(34) Auditory and visual memory. — A positive correlation 
is shown, on the average. The correlation of these two func- 
tions in one ease runs up to + .93, and is only slightly lower in 
several others. The general average is considerably reduced by 
a single negative correlation which appears in one small group 
of boys. No sex differences, however, are clear. 

(35) Auditory memory — recognition. — Small positive corre- 
lation appears on the average, although three groups show nega- 
tive correlations. There are no sex differences. 

(36) Visual memory — recognition. — The average gives a 
small positive correlation, although there are three exceptions 
among the groups. At first thought it is somewhat surprising 
that visual memory and recognition should show so small a 
correlation. The processes, however, are widely different: the 
first requires a unique mental act of quickly spanning, retaining, 
and reproducing a series of discrete impressions; the second 
differs in the processes involved, since it does not depend so 
much upon the span of memory, or upon the necessity of keep- 
ing the whole series intact, as upon the speed of becoming 
familiar with the peculiar features of the individual impres- 
sions, and fixing them in mind; and it differs also with regard 
to material, since digits were used in the former test, and non- 
sense syllables in the latter. When these differences are appre- 
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ciated, it is not so surprising that the correlation of the two 
functions should be so low. 





TABLE 

XXXI 





Girls- 



Compl. 

Becog, 

li 

O <! 

Cane. 

Vis. 

Cane. 

Recog. 

And. 

Vis. 

And. 

Recog. 

Recog. 

Vis. 

E. 

a6 



.... +.30 

.00 

—.26 

+.37 

+.86 

+.45 

+.49 

L. 

a6 


.... —.32 

+.30 

+.43 

— 09 

—.05 

+.40 

+.48 

+.07 

—.13 

+.09 

+.28 

W. 

a5 


.... —.26 

+.26 

—.30 

E. 

b6 


.... —.03 

—.39 

+.21 

—.33 

+.82 

+.13 

—.19 

L. 

b6 


.... +-06 

+.14 

+.26 

—.17 

+.56 

+.19 

+.15 

W. 

b6.. 


.... +.57 

—.38 

-.35 

+.73 

+.30 

—.15 

—.18 

Boys- 

- 









E. 

a6.. 


.... +.47 

—.10 

—.13 

+.56 

—.14 

+.20 

+.02 

L. 

a6........ 


.... +.31 

+.14 

+.22 

—.03 

+.88 

+.48 

+.36 

W'. 

a5 


.... +.31 

—.07 

.00 

+.02 

+.30 

+.34 

+.07 

E. 

b6........ 


.... — ,14 

—.15 

-.15 

+.27 

+.93 

+.58 

+.50 

L. 

b6. 


.... +.51 

+.07 

+.16 

+.27 

+.82 

—.29 

—.42 

W. 

b6 


.... +.27 

+.32 

+.29 

—.26 

+.64 

+.20 

+.13 

Average .. 



.... +.17 

+.025 +.035 +.09 

+.571 +.172 +.108 




30 

31 

32 

33 

34 

35 

36 




3. 

Summary 






(1) Of the tests used in this work, none shows a high cor- 
relation with all the others taken together; the coefficient of 
+ .14 in the case of multiplication is the highest. Most of the 
tests show no noticeable general correlation. 

(2) High positive correlations are found only between those 
tests which are dependent upon what are obviously very similar 
activities; thus, the correlations of addition and multiplication 
and of auditory and visual memory are very high. 

(3) Among the other tests, the correlations seem to be high 
or low according to the number of elements which any two 
functions possess in common. Thus, the computation tests and 
cancellation correlate to some extent (+.25), apparently on 
account of common elements, such as familiarity with the digits 
and similarity of eye movement. Speed of movement correlates 
with cancellation (+ .29) on account of common motor elements. 
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(4) Large variations occur in the correlation of those tests 
which are less similar. Between two such tests, one group may 
show a positive correlation, another group a negative; a third 
may show no correlation. That is to say, a subject who is good 
in one of these functions may be good, bad, or indifferent in 
another comparatively dissimilar function. 

(5) On the whole, sex differences in correlation cannot be 
made out. 


4. Conclusions 

These results have an interesting relation to the problem of 
mental tests in general. Throughout the investigations with 
mental tests, search has been diligently made for a test of gen- 
eral intelligence or general mental ability. In fact, tests very 
similar to the ones employed in this work have been proposed 
as meeting this requirement. 

It has been a matter of no small difficulty to determine 
accurately whether a test is or is not a fair measure of general 
mental ability. A method often used is to compute coefficients 
of correlation of the work in the tests with class standing, 
school marks, and other estimations of mental ability dependent 
largely upon the judgment of individuals. Such correlations are 
of doubtful value, however, because there is no certainty that 
cla^s standing, and the like, give a true measure of a pupil’s 
general ability. It has been suggested that a test which best 
succeeds in measuring an individual’s ability is one which 
correlates most highly with tests for different mental functions. 
From this point of view, the results stated in the above table 
give little indication that any of the tests employed in this work 
would serve the purpose. 

The survey of the tables for the various groups, which has 
just been completed, has shown the existence of wide variations. 
For example, the correlation of the completion test with the 
memory tests is in some groups fairly high; with others it is 
near zero; with others it is negative; on the whole it seems to 
be not far from zero. Apparently with such dissimilar tests, 
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the results that will he obtained from any particular group is 
largely a matter of accident. 

Many investigators have found fairly high correlations of a 
single test with several others, especially when the groups of 
subjects included a number of especially dull and especially 
bright pupils. It is evident, however, that the results of those 
investigations are not borne out by the facts here found. There 
are perhaps individuals whose ability in all forms of mental 
activity is low, as well as exceptional individuals whose ability 
is high in all; but the truth may also be, that the majority, 
who are grouped rather closely about the average, will be found 
to be slightly above the average ability in some forms and 
slightly below in other forms of mental accomplishment. In the 
investigation of these various functions, there should exist cor- 
relation, if the different tests employed involve common activ- 
ities; but it would appear that the tests used in this research 
give a measure of ability in relatively specific and unrelated 
activities. 

That this conclusion is not dependent upon accident is 
shown by the comparatively high correlations which are found 
between those tests which certainly measure related function 
(the arithmetical tests and the two memory tests). Correlations 
would be found also between other tests if there were any similar 
relationship between them. 


YIII 

The Effects op Practise on Mental Functions 

The data used in the previous section lend themselves quite 
readily to a computation of the amount and rate of improve- 
ment due to practise. Individual variations — ^unusually good 
or poor performances due to chance or to various distracting 
influences — are certain to occur, but these are largely eliminated 
by considering the results of a class as a whole. The individual 
difference in efficiency at different times, due not to practise 
but to other causes, is neutralized, since the final average of 
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work done at any particular stage of practise is made up of the 
average performances of five separate squads, each of which 
worked at a different hour of the school day. 

A grave defect in this material, as far as the computation 
of practise effects is concerned, lies in the irregular, and some- 
times long, intervals between the practise periods. The practise 
periods themselves, however, are short, varying from ten or 
twelve seconds to two and a half minutes, according to the test. 
An additional source of error results from the use, in one or two 
of the tests, of material of different degrees of difficulty for 
the different practise periods; if the difference in the difficulty 
of the texts is large, practise effects are obscured. 

1. Practise Effects Shown by Different Groups 

The tables give the average performance of each class at the 
various periods, followed by an average for all the classes, and 
a statement of the average improvement in percentage of the 
average initial performance. The percentage of improvement 
is computed by finding the difference between the score of any 
given period and that of the first period, and dividing that dif- 
ference by the score for the first period. 

TABLE XXXII. MULTIPLICATION 


Interval Interval Interval Interval 

Class. Day 1 (Days) Day 2 (Days) Day 3 (Days) Day 4 (Days) Day 5 

E. a6 39.02 2 41.80 5 41.38 1 41.92 1 45.18 

L. a6 35.74 2 36.50 5 36.16 1 37.10 1 38.34 

W. a5 32.80 1 36.08 4 34.26 2 35.64 1 37.30 

E. b6 36.20 2 37.08 5 35.66 1 36.52 1 39.68 

L. b6 30.70 2 31.62 5 31.84 1 32.64 1 35.44 

W. b6 33.86 1 36.60 4 35.42 2 36.42 1 40.22 

Average 34.73 36.61 35.78 36.69 39.34 

Percentage of 

impVt 0. 5.4 3.0 5.6 13.2 


On the whole, a continuous but irregular improvement is 
noted. The third day, however, shows no improvement over 
the second, although the amount of correct work done is 3 per 
cent greater than on the first day. This drop in the curve on 
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the third day is repeated by five of the six classes and in the 
sixth the improvement over the second day is only very slight, 
amounting to about two-thirds of 1 per cent. This drop occurs 
after a long interval between practise periods,* the average 
interval between the second and third days is 4 2/3 days, 
whereas the average interval between any other two periods is 
less than two days. It might seem that the long lapse of time 
resulted in a loss of much of the efficiency that had been gained 
during the first two practise periods. If such were the case, 
it would appear in the results of the other tests which were 
given on the same days ; but, as will be seen, this is by no means 
the case. 

The last day’s w^ork shows an improvement over the first, 
amounting to 13.2 per cent. Since the largest improvement be- 
tween periods occurs between the fourth and the last days, the 
indication is that continued practise beyond that point would 
have resulted in continued improvement. 

The curve of all the classes agrees quite well with the average 
curve. 

TABLE XXXIII. ADDITION 


Interval Interval Interval Interval 

Class. Day 1 (Days) Day 2 (Days) Day 3 (Days) Day 4 (Days) Day 5 

E. a6 30.48 2 30.58 5 33.46 1 33.32 1 34.60 

L. a6 27.74 2 29,20 5 30.48 1 30.38 1 31.88 

W. a5 25.20 1 25.32 4 27.74 2 28.74 1 28.74 

E. b6 27.08 2 27.40 5 29.48 1 29.46 1 32.84 

L. b6..... 26.00 2 25.76 5 26.02 1 26.70 1 27.20 

W. b6 30.64 1 32.74 4 33.00 2 33.98 1 35.18 

Average 27.85 28.50 30.03 30.43 31.74 

Percentage of 

impV’t ...... 0. 2.3 7.8 9.2 14.0 


The average total improvement (14.0 per cent) in the case 
of addition is almost the same as was found in multiplication. 
The rate of improvement in the case of addition is more regular 
and the amount from period to period is more uniform. It is 
somewhat surprising that the drop in the curve following the 
long interval between practise periods (second to third day). 
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which was so pronounced in the figures for multiplication, is not 
found here, although the tests in addition were given just two 
minutes after the multiplication tests on the same days. In 
multiplication, not only does the average show a heavy drop 
on the third day, but the curves of nearly every class agree in 
that respect; while in the curves for addition there is in no 
group such a retardation in improvement. The situation illus- 
trates to a nicety the danger of generalizing from a small 
accumulation of data, no matter how clear an indication the 

figures may give. If one had nothing but Table XXX, which 

% 

shows, both on the average and by almost every class, a retarda- 
tion in practise improvement after an extra-long interval, he 
would feel tempted to infer that the efficiency previously gained 
had largely deteriorated through disuse in an interval of such 
length. If, however, one should see nothing save Table XXXIII 
he would probably be ready to conclude that even an interval 
of five days is not sufficient to cause a lapse in ability gained 
through previous practise. Fortunately, we have the additional 
evidence of several other tests to bring to bear upon this con- 
tradiction. 


TABLE XXXIV. SPEED OP MOVEMENT 


Interval Interval Interval Interval 

Class. Day 1 (Days) Day 2 (Days) Days (Days) Day 4 (Days) Day 5 

B. a6 49.84 2 44.68 5 40.52 1 53.66 1 36.84 

L. a6 32.84 2 35.20 5 35.40 1 35.54 1 38.20 

W. a5 32.44 1 32.60 4 37.56 2 34.94 1 34.40 

E. ti6 45.38 2 40.88 5 45.36 1 51.40 1 45.66 

L. b6 27.82 2 28.58 5 31.62 1 33.62 1 35.96 

•W. b6 30.22 1 33.20 4 35.14 2 34.98 1 35.26 

Average 36.42 35.85 37.60 40.69 37.72 

Percentage of 

impVt 0. —1.6 3.2 12.0 3.6 


The rate and amount of improvement of speed of movement, 
such as that involved in the drawing test, is very irregular 
even in the final average, and the separate classes show fluctua- 
tions of considerable magnitude. On the whole, the second day ^s 
work is less in amount than the first, and the fifth is much less 
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than the fourth ; but the results in some of the classes are quite 
different from the average. L a6, for example, shows a steady 
improvement throughout; W a5 shows its maximum on the 
third day, and other classes show peculiarities. The average 
shows no loss of ability on the third day on account of the long 
interval preceding it. 

Overlooking the irregularities, it is evident that substantial 
improvement has been the result of practise. Fluctuations and 
irregularities are to be expected, and are enhanced in this case 
by the opportunity that is afforded for changes in the method 
of working. (See p. 63.) On that account the curve of im- 
provement for speed should be compared with those for accuracy. 

TABLE XXXV. ACCURACY 


laterval Interval Interval Interval 

Class. Day 1 (Days) Day 2 (Days) Day 3 (Days) Day 4 (Days) Day 5 

E. a6 2.57 2 2.06 5 2.26 1 2.37 1 1.54 

L. a6 1.56 2 1.73 5 1.90 1 1.83 1 1.80 

W. a5 1.66 1 1.50 4 1.70 2 1.74 1 1.57 

E. b6 1.93 2 1.73 5 2.23 1 2.20 1 1.87 

L. 1)6 1.70 2 1.53 5 1.70 1 1.66 1 1.90 

W. b6... 1.73 1 1.83 4 1.66 2 1.66 1 1.87 

Average 1.86 1.73 1.90 1.91 1.75 

Percentage of 

imp’v’t 0. 7.0 —2.1 —4.7 5.9 


The course of improvement in accuracy considered by itself 
is very irregular; but viewed in comparison with the curve of 
improvement in speed, its irregularities have some meaning. 
The fall in the curve of speed on the second day is counter- 
balanced by the large improvement in accuracy. The third day 
shows a fall in accuracy and a slight improvement in speed; 
and when they are taken together, it would appear that the 
improvement is very small. This, then, is an approach to the 
situation found in the case of multiplication — i. e., a loss of 
efficiency following the long interval between practise periods. 
The very high improvement found in speed on the fourth day 
does not look so formidable when it is seen that at the same 
time a great loss in accuracy occurred. The last day shows an 
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improvement over the first in both speed and accuracy, so it 
seems that, on the whole, practise in this test has resulted in 
substantial improvement. 

In an attempt to show, roughly at least, the trend of im- 
provement of speed and accuracy combined, the mathematical 
treatment described on p. 69 ff has been applied to the figures. 
The results produced by this arbitrary method of treatment 
follow : 


Day 1 Day 2 Day 3 Day 4 Day 5 
Average 36.42 37.80 37.00 39.94 39.37 

The curve obtained is not uniform in its upward tendency, 
but on the whole it shows a decided improvement resulting 
from practise. 


TABLE XXXVI. COMPLETION TEST 


Interval Interval Interval Interval 

Class. Day 1 (Days) Day 2 (Days) Day 3 (Days) Day 4 (Days) Day 5 

E. a6 25.32 2 21.90 5 18.80 1 26.24 1 27.80 

L. a6 21.88 2 18.60 5 20.58 1 23.50 1 26.20 

W. a5. 18.40 1 18.22 4 18.32 2 23.44 1 26.20 

E. 1)6... 21.24 2 20.40 5 16.36 1 24.56 1 27.00 

L. b6 19.54 2 19.82 5 17.92 1 24.52 1 22.50 

W. b6 20.14 1 18.46 4 15.80 2 24.06 1 23.40 

Average 21.08 19.56 17.96 24.38 25.51 

Percentage of 

imp’v’t 0. —2.9 —17.2 17.7 23.8 


The course of improvement in this test is so complicated 
by the difference in difficulty of the texts used on the several 
days, that it cannot be made out with certainty. The large 
decrease in the amount of work done on the second and third 
days is undoubtedly due for the most part to the greater diflS.- 
culty of the texts, but it is impossible to tell to just what extent 
this is the case. The fourth period shows a large and the fifth 
a larger increase, over the first day, in the amount of work done, 
but here again the results may be in part due to the ease of 
the texts used on those days. 
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TABLE XXXVII. CANCELLATION TEST103 




Interval 


Interval 


Interval 


Interval 


Class. 

Day 1 

(Days) 

Day 2 

(Days) 

Day 3 

(Days) 

Day 4 

(Days) 

Days 

L. a6 

32.82 

2 

36.20 

5 

37.62 

1 

41.16 

1 

42.80 

W. a5 

33.46 

1 

37.30 

4 

39.42 

2 

42.14 

1 

45.38 

L. b6 

34.96 

2 

39.20 

5 

41.48 

1 

43.66 

1 

46.40 

W. b6 

31.78 

1 

35.78 

4 

39.40 

2 

40.06 

1 

42.84 

Average 

Percentage of 

33.25 


37.12 


39.48 


41.76 


44.35 

imp’v’t 

0 . 


11.6 


18.8 


25.6 


33.3 


The figures for the cancellation test show a very regular and 
uniform, as well as a very large, improvement due to practise. 
Each class follows closely the curve shown by the general 
average. The fact that the same text was used in every period 
may account to some extent for the uniformity of the improve- 
ment. There is no indication of a retardation due to the long 
interval following the third day. 

Considering the short time of practise (one minute) given in 
this test, the total improvement, which amounts to 33.3 per cent, 
seems great. And the fact that the same text was used through- 
out gives one a suspicion that the pupils might have memorized 
more or less completely the arrangement of the digits, or figured 
out various “short cuts” and time-saving devices. It seems 
unlikely, however, that the arrangement or position of the digits 
could be consciously held in mind ; and as can be readily deter- 
mined from an examination of the text (p. 90), the opportunity 
for striking out two symbols at one stroke and of employing 
other such methods is extremely small. Apparently the subject 
learns rapidly to overlook the distracting stimuli and to single 
out with increasing ease the symbol sought. Along with this 
improvement, there develops, perhaps, a facility in striking out 
the digits with less conscious attention.^*^^ 

103 The results from E. a6 and E. b6 were not used because of a 
change in the length of the working period made in the midst of the 
series of tests. 

104 It is probable also that in this, as in all the previous tests except 
the drawing test, facility in turning the papers at the word ''go” devel- 
oped. Improvement in this act would be included in that of the func- 
tions shown in the tables. 
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is somewhat greater; the decrease at the second period is not 
noticeable in the general average, although it appears in that 
of three of the classes ; the fifth period shows a smaller accom- 
plishment than the fourth, both in the average result and in 
the case of four of the six groups. There is no clear indication 
of a decrease in efficiency in this function on account of the 
long interval between the second and third days. 


TABLE XL. RECOGNITION 


Inter\'al Interval Interval Interval 

Class. Day 1 (Days) Day 2 (Days) Day 3 (Days) Day 4 (Days) Day 5 

E. a6 7.64 2 7.48 5 7.68 ‘ 1 8.18 1 7.98 

L. a6 6.92 2 7.20 5 7.30 1 7.78 1 7.08 

W. a5. 7.56 1 6.94 4 7.70 2 7.60 1 7.44 

E. b6 7.82 2 7.88 5 8.08 1 8.34 1 8.12 

L. b6 6.98 2 6.64 5 7.00 1 7.24 1 6.94 

W. b6 7.04 1 6.88 4 7.54 2 7.90 1 7.14 

Average 7.32 7.17 7.55 7.84 7.45 

Percentage of 

imp’v^t 0. —2.05 3.1 7.1 1.7 


Again, improvement seems to have reached its maximum on 
the fourth day. It is not at all probable that the pupils have 
reached their limit of improvement in so short a time. Some 
of the fiuctuations shown in this curve may be due to a^ differ- 
ence in the difficulty of texts, since the nonsense syllables in 
some cases are easily remembered and recognized. Some of 
the syllables may be closely associated with nick-names, slang 
words and the like. There is a possibility also that the decline 
on the fifth day, shown by the last three tests, may have been 
in part due to excitement, nervousness, or overstrain produced 
by the knowledge that it was their last day in the test work. 

The course of improvement in memory for visual and audi- 
tory digits and for recognition of nonsense syllables agrees in 
showing no retardation due to the long interval between the 
second and third days of practise. 
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2. Comparison of Practise Effects in the Different Fwnctions 

The following table gives a comparison of the average per- 
centage of improvement through the course of practise, the 
work done on the first day serving as a basis of comparison. 


TABLE XLI. PERCENTAGE OF IMPROVEMENT IN DIFFERENT 

FUNCTIONS 



Day 1 

Day 2 

Day 3 

Day 4 

Day 5 

Multiplication 

100. 

105.4 

103. 

105.6 

113.2 

Addition 

100. 

102.3 

107.8 

109.2 

114. 

Speed and accuracy 
bined 

com- 

100. 

103.8 

101.6 

109.4 

108.1 

Completion 

100. 

97.1 

92.8 

117.7 

123.8 

Cancellation 

100. 

111.6 

118.8 

125.6 

133.3 

Auditory memory 

100. 

99.0 

103.8 

113.7 

113.3 

Visual memory 

100. 

101.1 

104.9 

117.3 

113.3 

Recognition 

100. 

97.9 

103.1 

107.1 

101.7 

Average 

100. 

102.3 

104.4 

113.2 

115.1 


One thing at least is quite certain, that in all the mental 
functions tested, improvement is shown. Another fact appears 
to be equally evident, that the amount of improvement in some 
functions is greater than that in others. Yet accurately to 
compare the differences in improvement shown by the various 
functions is not a simple, and perhaps not a possible, task. 
Several factors are present which complicate the matter; and 
if accurate results are to be obtained, these factors must be 
taken into account.^®® 

(1) To begin with, the initial performance in any function 
(at least those in the present tests) is not zero, nor is it very 
close to zero. The subjects have all had previous practise in 
the identical function, or in activities of which the function is 
a complex, and consequently the initial performance represents 
a certain stage of practise. Just what the stage is we are quite 
unable to determine. We might think, for example, that the 
pupils at the beginning of the tests have advanced, by previous 

105 For an excellent discussion of commensurability of gains in dif- 
ferent functions see Thorndike, E. L., Educational Psychology, vol. II 
(1913), pp. 165-177. 
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practise in school work, more nearly to their limit of improve- 
ment in addition than in the cancellation test, and if such were 
the case we should expect a greater amount of improvement in 
the latter, other things being equal. But any assumption of this 
sort, especially with regard to the amount of this diiference, 
would be hazardous; the situation would have to be experi- 
mentally determined. 

(2) Another difSeulty lies in the method of computing the 
,diiferences. Absolute differences or percentile differences at 
various stages of practise in one function cannot always with 
fairness be compared to such differences in another. Thorn- 
dike gives a good illustration of this fact : 

Suppose that he comes to secure 80 instead of 200 at golf by one 
year of practise; and 160 instead of 400 in errors made per thousand 
“chances” in baseball, in the same amount of practise. . . . The 

former is the change from the first day's play of a “rank beginner” to 
that of the tip-top experts of the world. The latter is only the change 
from low mediocrity to less low mediocrity.ioe 

(3) Another factor which varies greatly from function to 
function in the present series of tests, is the amount of time 
allotted for practise at each sitting. The tests in memory for 
digits required eight seconds for exposure, and about fourteen 
seconds to complete the whole test; while the subjects worked 
for two and a half minutes in the completion test. The time 
allowed for the other tests varies between these two extremes. 

(4) Moreover, as has been mentioned, the difference in the 
difficulty of the texts used on the various days may on some 
occasions mask and on others accentuate the efforts of practise. 
This was evidently true in case of the completion test and 
probably in the recognition test, but in the others, such as the 
computation and memory tests, the differences could hardly be 
sufficient to modify seriously the results. 

In the face of these facts, a comparison of improvement 
for the several functions can offer us little more than a sug- 
gestion. It is noticeable, however, that the most rapid and 
most regular improvement occurs in the cancellation test, in 


106 Tfiomdike, op. cit., p. 166. 
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whioli tlu‘ time of praetise was but one minutt‘ ami in vvliieh 
the same text was ust^d thronjifhout. Tlu* improv<aiumt shown 
by addition is vt‘ry nearly ithmtieal with tliat of niultipli(*ation, 
and this amount is (piitt^ lar^e eonsithn’in^ the eoiumon us(‘ of 
tliis funetion in the seli(u>l and tln‘ hmjrth of tin* praetis(‘ ptn-iod 
(two minut(‘sK The pereentaj*:e (d‘ improvenunit shown by 
mtanory for visual and for auditory di*j:its is vtuw nearly the 
sanns ami tlu‘ total amount of <?aiu in tlu‘S(‘ funetions is about 
e([ual to that in arithnndie. T1 h‘ ftains for tin* nu^oj^nition test 
are eoniparativtdy small and irrejrular; this may bi^ partly due 
to din*<*ren<*es iii tin* dilTlieutty of texts us(‘d ami to (‘banjoes in 
tin* method of learninjr. In the eompU'tion test praetise elTt^ets 
eaiuiot w<*ll bt* diseussi*tl (ui aeeount of the varyinjr tlitTn*ulty 
of tin* tt*\ts i*mpl(»yed. 

(Il) Suniniari/ o/ lirsulta, 

(li All of the fun<*ti<uis tested show improvt‘me!it. due to 
praetist*, in amounts varyitij*: from 7 to dd.It p(*r <'ent. 

(l!) The rate ami annnuit of im[)rovement vary eonsider 
ably f<»r tin* ditTerent j 4 :r<mps. The intluenee (d* various aeeb 
di*ntal e(jmliti(ms <’han<i:es <if iindluHl ami ditrerem*es in the 
dirtieiilty <d’ tt‘xts a<*eoutits in part for the fluet nations in tht* 
improvt‘ment ; <li(Terem*i*s in amount <d’ impr<ivomt*nt may 
r<*sult rr<an dilTereu<*es in initial ability, in nativt* eapai*ity for 
improvement, as well as frtmi fa*dors sm*h as intt*rest. vi*i:()r of 
applieati<»n and euviriinment. 

(,H) Tin* rate of impnivemcnt is m»t tndform for tin* dilTet*' 
ent fuindions, altlnM4di. for rens<m.s mentioiie<l abovo, tin* quati- 
titativi* dinVrenc'es bet\v«*eii funeti<ms eannot be dfnn)nstratt*<l. 
It will la* noted, Inavevrr, that those funetions wbosi* t'orrela^ 
tions wer«* hijrh ntul positive ( imdtiplieat ion nml n<hiition; visual 
ami amlitory memory > sIkjw almost ideritienl amounts (»f im - 
provenn*ut.“*’' 

J”’’ It ahonhl not hi* thonaht, lnjw**v«‘r, tliat tin* etirrelathms prev* 
lonaly aivon are drpendent on prnettae <*rferta, for tin* tbuirea umsl tn 
ranking were ntit the aeoroa of tin* last teat, tint the t<»tnl aeore for all 
the tfssta. 
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(4) On the whole, there is no satisfactory indication of a 
retardation of improvement due to the one long (4 or 5-day) 
interval. Such a retardation does appear in the results of three 
functions, in one of which (accuracy), however, it is not clear, 
and in another (completion) it is perhaps entirely due to the 
greater difficulty of the text used at the time. When it is 
noticed also that similar decreases are apparent even earlier 
in the series of practise periods (second period of the recog- 
nition and auditory memory tests), as well as later in eases 
where the interval is small, it is only reasonable to conclude 
that the length of the interval has no serious influence on the 
course of improvement. 

(5) The indications of the curves of improvement in gen- 
eral are that the limit was far from being reached. With con- 
tinued practise, a continuation of improvement would be ex- 
pected. 


IX 

Skx Differences 

Table XLII gives the average score of the girls and of 
the boys of each class. 

(1) Multiplication , — The girls, on the whole, show a superi- 
ority in multiplication, amounting to 10.3 per cent. In four of 
the six classes the girls are superior, but in two (W. a5 and 
L. b6) the boys lead. A definite conclusion, however, is pre- 
vented by the failure of the average results to be repeated by 
every group of subjects. We can say, at the most, that in any 
group the likelihood is that the girls will show a superiority 
over the boys. 

(2) Additioyi . — In this form of computation the girls show 
an average superiority of 11.4 per cent. The boys are superior 
in addition in the same two classes in which they were superior 
in multiplication. Sex differences consequently do not appear 
with perfect clearness. 
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TABLE XLII 

Showing the Sex Differences for All Groups in All Functions 


Boys — 


Add. 

Speed 

r-< 

O 

U 

Comp 

c; 

a 

O 

Aud. 

Mem. 

. s 

.2 3 
> 

llecog 

E. a6 

38.2 

30.5 

44.0 

2.27 

21.2 

51.0 

4.65 

5.03 

7.70 

L. a6 

32.8 

27.5 

35.0 

1.88 

21.4 

36.7 

5.76 

5.70 

6.76 

W. a5 

37.3 

27.8 

35.8 

1.90 

20.4 

38.5 

5.2 

5.5 

7.4 

E. b6 

30.6 

25.0 

49.4 

2.42 

22.5 

44.7 

4.6 

5.08 

7.9 

L. b6 

32.7 

25.7 

31.0 

1.64 

18.3 

38.0 

4.7 

4.35 

6.78 

W. b6 

37.0 

32.2 

40.0 

2.19 

20.3 

38.0 

5.6 

5.2 

7.3 

Average 

34.7 

28.1 

38.9 

2.05 

20.7 

41.1 

5.08 

5.14 

7.31 

Girls — 

E. a6 

47.8 

38.1 

37.0 

2.33 

26.8 

61.2 

5.3 

5.54 

8.4 

L. a6 

39.9 

32.0 

33.8 

1.7 

22.0 

39.2 

6.1 

6.42 

7.5 

W. a5 

35.7 

26.8 

31.5 

1.64 

20.5 

39.7 

5.4 

5.71 

7.8 

E. b6 

40.2 

31.4 

41.0 

1.67 

23.0 

54.0 

4.8 

5.14 

8.32 

L. b6 

30.7 

26.4 

33.2 

1.63 

22.0 

42.2 

5.18 

5.36 

7.1 

W. b6 

36.0 

33.0 

33.5 

1.69 

23.3 

39.5 

5.7 

5.62 

7.6 

Average 

38.3 

31.3 

35.0 

1.77 

22.9 

45.9 

5.41 

5.63 

7.78 

Superiority 

per cent..G10.3 G11.4 B 11.1 G15.8 G10.6 G 11.6 G6.5 G9.5 G6.4 


Other investigators have obtained results in general agree- 
ment with those above. 

The work of Miss Holmes^^® indicated a superiority of the 
girls over the boys. In tests of addition upon children of the 
4th, 5th, 6th, 7th and 8th grades she found: 

Errors Corrections Figures Added 


Boys 15.9 15.2 703. 

Girls 13.9 12.4 788, 


The girls add more figures and make fewer errors and cor- 
rections. 

Fox and Thorndike^^^ found that among high-school pupils 
the girls excelled by about 5 per cent, although such results 

109 The smaller number represents the greater accuracy. 

110 Holmes, M. E., ‘‘The Fatigue of a School Hour”, Pedagogical 
Seminary, vol. 3 (1895), pp. 213-224. 

111 Fox, W. S., and Thorndike, E. L., “The Relationship between the 
Different Activities Involved in the Study of Arithmetic. Sex Differ- 
ences in Arithmetical Ability'*, ColumMa XJniv. Contri'butions to Phil., 
Psych., and Education, vol 11 (1903), pp. 32-40. 
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were doubtful on account of the probability that the girls tested 
were otherwise of a better grade than the boys. 

Thorndike^^-, in another study, found that the degree of 
ability reached by 50 per cent of the girls was reached by 48 
per cent of the boys. 

(3) Speed of Movement , — The boys on the whole show a 
greater speed, amounting to 11.1 per cent. The ease is similar 
in all the classes except L. b6, in which the girls are slightly 
superior. 

So far as the writer knows, no previous investigations have 
been made for sex differences with this particular test. 

For rate of tapping, however, Miss Thompson^^® found that, 
among adults, 88 per cent of the men exceeded the median 
speed of the women. Bolton^^^ found, on the contrary, that the 
girls exceeded in speed of movement. 

Wells^^® found that in extended experiments the women ex- 
celled at first, but later showed a rate slower than the men. 
The main sex-difference, according to WelFs interpretation, is 
that the women are more responsive to the affective element of 
the experiment. 

Burt and Moore,^^® in a later study, found the median speed 
for boys to be 86.5 and for girls 80.5 taps in fifteen seconds, and 
that 69.8 per cent of the boys exceed the median speed for the 
girls. 

The conflicting testimony of the several investigators indi- 
cates that sex-differences cannot be made out with certainty. 
In the present work, the two factors, speed and accuracy of 
movement, are so intimately bound together, that the one can 
be rightly interpreted only in comparison with the other. 

112 Thorndike, E. L., Educational Psychology (N. Y., 1903), p. 117. 

113 Thompson, Helen B., The Mental Traits of Sex (Chicago, 1903), 

p. 188. 

114 Bolton, T. L., '"The Relation of Motor Power to Intelligence’', 
Ainer, Joum, Psychol., vol. 14 (1903), pp. 615-631. 

115 Wells, P. L., “Sex Differences in the Tapping Test: an Interpre- 
tation”, Amer. Journ. Psychol., vol. 20 (1909), pp. 353-363. 

116 Burt, C., and Moore, R. C., “The Mental Differences Between the 
Sexes”, Journal of Experimental Pedagogy and Training College Record 
(London), vol. 1 (1912), pp. 273-284, 355-388. 
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(4) Accuracy of Movement , — The average shows that the 
girls excel in accuracy by 15.8 per cent. Only in one class do 
the boys show a greater accuracy (E. a6). 

Tests by Miss Thompson^^’' with the aiming and ‘^target” 
test show a slightly greater accuracy among the boys. 

Bryan, in tests with the electrical tracing-board, with 700 
children, showed that for both hands the girls are superior to 
the boys in 35.3 per cent of the cases, the boys superior to the 
girls in 51.4 per cent, and the sexes were equal in 13.4 per cent 
of the eases. 

Bolton^^® found that in steadiness of movement, as tested by 
an apparatus similar to the electric tracing board, the girls 
(9 years of age) excelled the boys by a smaller average number 
of contacts made during the tracing, as shown in the following 
table : 



In 

(Right Hand) 
Out Down 

Contacts 

Up 

In 

(Left Hand) 
Out Down 

Up 

Boys 

22,9 

22.7 

19.2 

19.5 

25.3 

24.8 

■ 24.0 

22.3 

Girls 

16.8 

18.5 

17.1 

20.6 

21.4 

23.4 

22.8 

24.8 

Difference 

6.1 

4.2 

2.1 

—1.1 

3.9 

1.4 

1.2 

—2.5 


The girls excel in all forms of movement save those upward. 

■ In the maze test, which the writer has used, it is difficult, in 
fact impossible, to tell whether the results indicate anything in 
the way of a sex-difference in motor ability. Probably the dif- 
ferences here are not of ability in the functions themselves, but 
in method. The boys work with less care than the girls, with 
the result that they cover more ground but with a larger num- 
ber of errors. The girls, who are more bent upon accuracy, are 
content with less speed. 

If we apply to the figures the arbitrary mathematical treat- 
ment previously described (pp. 70ff.),we find that the combined 
speed and accuracy are for boys 34.7, for girls 35.0. The girls, 

117 Op. cit, p. 17. 

118 Bryan, W. L., “On the Development of Voluntary Motor Ability 
Ayner. Jowm. Psychol., vol. 5 (1892), pp. 123-204. 

119 Bolton, T. L., “The Relation of Motor Power to Intelligence", 
Amer. Joum. Psychol., vol. 14 (1903), pp. 615-631. 
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then, show a slight superiority, which, however, is too small to 
he significant, considering the possibilities of error in compu- 
tation. 

(5) Completicyn Test, — In the mental activities demanded 
by the completion test, the girls are superior to the boys by 10.6 
per cent. The girls in every class show a similar superiority to 
the boys. 

As far as the writer is aware, no previous investigations have 
been made with this test to show sex-differences. 

(6) CancellaUon Test. — The results indicate very clearly a 
superiority of girls over boys in this function. The same tend- 
ency is shown by all the classes, making on the average a superi- 
ority on part of the girls of 11.6 per cent. 

Many investigators, using this and similar forms of cancel- 
lation tests, have reached essentially the same conclusions with 
regard to sex-differences. Cattell and Farrand,^-*^ using the 
‘‘A-test^’ on students at Columbia University, found a difference 
of 12.7 per cent, in favor of the women, in the time required to 
complete the test. 

Woodw'orth and Wells, using the same form of test as that 
employed in the present work, find ‘‘that the women average 
distinctly faster than the men, 123 as against 145 seconds.” 
The difference found by these investigators (17.9 per cent) is 
greater by 6.3 per cent than that found between boys and girls 
in the present work. 

Burt^-“ found that the girls cancelled 110, and the boys 99.5 
letters of the “A-test” in two minutes. The superiority of the 
girls over the boys is in this case nearly that found in the pres- 
ent work. 

120 Cattell, J., and Farrand, L., “Physical and Mental Measurements 
of the Students of Columbia University”, Psychol. Rev., vol. 3 (1896), 
pp. 618-648. 

121 Woodworth. R. S., and Wells, F. L., “Association Tests”, Psych. 
Mon., vol. 13 (1911), p. 28. 

122 Burt, C., “Experimental Tests of Higher Mental Processes and 
their Relation to General Intelligence”, Journ. of Exp. Fed. and Train- 
ing Col. Record (London), vol. 1 (1911), pp. 93-112. 
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in experiments upon defective children (mental ages 
3 to 11), found that the girls excelled in the ^^A-test” by 8 to 16 
per cent. 

(7) Auditory Memory . — The girls in every class show a 
superiority to the boys in memory for auditory digits, the ex- 
cess on the average being 6.5 per cent. 

(8) Vmial Memory . — The girls here again, without excep- 
tion in any group, are superior. The average of the girls ^ 
superiority (9.5 per cent) is greater here than in the case of 
auditory memory.^-^ 

(9) Recognition . — The girls excel the boys in this form of 
test — a relation which is found in all of the classes — on the 
average by 6.4 per cent. 

The work of most of the other investigators of sex-differences 
in memory and recognition are in harmony with the results here 
obtained, Bolton^-^, in tests upon a large number of grammar- 
school pupils from 10 years of age up, found that the proba- 
bility of error in reproduction of numbers was less among the 
girls. For eight-place numbers the figures were : 

Probability of Error 
Boys Girls 

Under 14 years 82.4 64.7 

Over 14 years 65.4 65.8 

The difference, according to these results, seems to be less as 
the age increases. 

Kirkpatrick^-®, in tests of visual and auditory memory for 
objects and words, found the following results: 

123 Doll, E. A., “The A-Test with the Peeble-Minded’\ The Training 
School (Vineland, New Jersey), vol. 10 (1913), pp. -19-57. 

124 It is interesting to note that among both boys and girls, the 
memory span for visual digits exceeds that for auditory digits. This is 
in agreement with the results obtained by most investigators. 

125 Bolton, T. L., “The Growth of Memory in School Children'^ 
Ayner. Journ. Psychol., vol. 4 (1892), pp. 362-380. 

126 Kirkpatrick, E. A., “An Experimental Study of Memory”, Psych. 
Rev., vol. 1 (1894), pp. 602-609. 
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Primary 

School 

Grammar 

School 

High 

School 

College 

Averaj 

Sex F. M. 

P. 

M. 

F. 

M. 

F. 

M. 

P. 

Subject 15 15 

39 

47 

58 

53 

50 

102 

162 i 

No. reprod’ced 6.06 5.16 

7.13 6.74 

7.69 

7.40 

7.86 7.89 

7.53 7 


The same writer found also that the ^rls excelled in delay 
memory (3 days) for the same material. 

Netschajeff^-'^ found that among girls the memory for wor 
and objects excelled that of the boys, especially of the ages frc 
11 to 14 years. For memory of real objects, however, the bo 
were superior; and, moreover, the girls were more subject 
illusory errors. 

Wissler^-^ found in tests of 266 men and 42 women, freshm; 
at Columbia University, that in memory for auditory digits t 
men averaged 7.6, the women 7.3. The men showed an avera 
span for visual digits of 6.9 as compared with 7.3 by the wom€ 

Lobsien^^® found among school-children 9 to 14 years of a 
that in memory for real objects, for auditory digits, for sounc 
and for tactual, visual, auditory, emotional and foreign tern 
the girls generally, but not invariably, excel. His observati- 
that the girls show a greater superiority in visual than in au( 
tory memory is borne out by the present work. . 

Thompson^^^ found that there were more men than worn 
in whom auditory imagery was predominant, while women we 
more numerous in the visual and motor types” (p. 98), as 
shown in the following table : 

Pre- Pre- Pre- 
dominant dominant dominant Auditory Visi 
Auditory Visual Motor Motor Mol 


Auditory series W 4 9 3 7 1 

M 13 5 2 3 2 

Visual series W 1 10 6 2 4 

M 8 8 2 1 2 


127 Netschajeff, A., “Exp erimen telle Untersuchungen Tiber ( 
Gedacbtnissentwickelung bel Scbulkindern”, Zeitschrift fiir Psycholoi 
und Physiologic der Binnesorgane, vol. 24 (1900), pp. 321-351. 

128 Wissler, C., “The Correlation of Mental and Physical Test 
Psych. Mon., vol. 3 (1901), no. 6, p. 62. 

129 Lobsien, M., “Experimentelle Untersuchimgen Tiber die Gedac 
nissentwickelung bei Schulkindern”, Ztsch. fiir Psychol, imd Physi 
der Sinnesorgane, vol. 27 (1901), pp. 34-76. 

130 Op. cit. 
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The same writer also says: ''In both the auditory and visual 
series the .women show distinctly greater powers of memory ’ ’ 
(p. 96). And later: memorization of nonsense syllables, 

the women memorize more rapidly than the men.’^ There is 
no difference between the men and women in retentiveness’' 
(p. 99). 

Schuyten^^^ found in four different tests of memory for 2- 
place numbers, the following percentages of accuracy : 


Girls 

.. 69.6 

77.5 

62.6 

55.1 

Boys 

.. 58.1 

64.0 

57.9 

35.0 

Percentile difference in favor of girls 

.. 11.5 

13.3 

4.7 

20.1 


Levy^^- found that in memory for words enclosed in geo- 
metric figures the women were superior to the men. The fol- 
lowing are the scores for the various figures obtained by compu- 
tation of the data given by that investigator: 


Women Men 

Triangle 17.7 16.6 

Hexagon 17.2 16.9 

Square 17.2 16.9 

Circle 17.2 16.8 

Diamond 17.1 16.8 


In the average the wmmen excel by about three per cent. 
Summary. 

(1) In addition and multiplication, the girls appear to be 
somewhat superior, although such is not invariably the ease. 

(2) In the drawing test, the girls appear to follow the method 
of emphasizing accuracy rather than speed ; and the boys, speed 
rather than accuracy. That one sex is actually capable of ex- 
celling the other in either speed or accuracy cannot be said with 
certainty. Other investigations give conflicting testimony with 
regard to sex-differences in speed of movement and wdth regard 

131 SchLuyten, M. C., “Sur les rndthodes de mensuration de la fatigue 
des ^coliers”, Archives de Psycholoffie, vol. 4 (1904), pp. 113-128. 

132 Levy, J. M., “Experiments on Attention and Memory with Spe- 
cial Reference to the Psychology of Advertising”, Vniv. Calif. Puhl, 
Psychol., vol. 2 (1916), no. 2, pp. 157 ff. 
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to accuracy, there is a small amount of evidence favoring the 
superiority of the boys. 

(3) In the completion test the girls show a distinct superi- 
ority. 

(4) The girls are decidedly more efficient in cancellation, ac- 
cording to the present and previous investigations. 

(5) The girls excel without exception in memory for auditory 
and visual digits and in recognition of nonsense syllables. These 
results are in agreement with nearly all previous investigations. 

(6) Excluding the tests for speed and accuracy of movement, 
in which the results, as far as ability is concerned, are uncertain, 
out of 42 comparisons (six classes in seven tests) the girls excel 
in 38 and the boys in 4. 


General Summary and Conclusions 

This investigation and the examination of data from other 
sources indicates a somewhat unsteady yet definite diurnal 
rhythm of efficiency for a variety of mental and physical func- 
tions. This is close to the conclusion arrived at by Marsh^®® when 
he expressed himself as ‘‘favorable to the idea of a few broad 
diurnal variations of a rather general nature, coexisting with 
more numerous and intensive variations in individuals.’’ The 
dearth of intensive data, and the general lack of uniformity in 
the experimental conditions, made it impossible for this experi- 
menter to find definite evidence of a general tendency common 
to all activities. “When”, he says, “one attempts properly to 
w^eigh data obtained from diurnal periods in number from 2 to 
24 ; from various measurements of various activities ; from sub- 
jects of varying number, age, and sex ; and under other varying 
conditions, the task is found to be quite hopeless. In the 
present investigation such modifying factors and sources of 
error have been largely eliminated by a suitable method, and 

133 Marsh, op. cit, p. 93. is* JMd., p. 96. 
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by using as subjects a group of children of nearly the same age, 
doing nearly the same work, and with interests, environment, 
state of health, time of eating, of sleeping and of rising almost 
the same. And it has been found that the daily rhythm of 
efficiency is in most essentials the same for the various forms 
of mental and physical work. 

The curve here found is characterized by a more or less 
steady rise from the first hour of the morning until midday. 
In the afternoon, the motor processes continue to increase in 
efficiency, while the more strictly mental functions show an 
after-lunch decrease, followed by a final increase in efficiency. 
In most respects the course of efficiency for both mental and 
motor functions is the same, while various other researches have 
indicated that pulse-rate, respiration, and other vital activities 
also follow the same course. It has been urged, moreover, that 
the rhythm of sleep is prolonged through the waking hours. 
This is most acutely felt, soon after rising, in a general drowsi- 
ness or sluggishness, which persists with ebb and fiow during 
the day. 

Apparently all forms of motor, mental, and vital activities 
are subject to a daily ebb and flow similar to the one we have 
found for mental activities in the case of school children. The 
organism appears to pass daily through a stage of ‘Varming- 
up”, or adaptation, which is facilitated by a number of factors, 
although such factors do, at the same time, have their oppon- 
ents. The general belief seems to be that this adaptation is 
facilitated by internal and external sensory stimuli, acting 
cumulatively. Continued activity brings greater nervous irri- 
tability, a greater ease and dispatch of performance — ^in short, 
a greater efficiency for work. On a small scale we have some- 
thing similar in the ^'warming-up” and "summation” phe- 
nomena of the nerve-muscle preparation of the frog. 

Some^^^ are of the opinion that this process of adaptation 
following a state of continued activity is alone responsible for 
variations in efficiency during the day, although many believe 

135 For instance, Hollingworth, op. cit. i 36 See Marsh, op. cit. 
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that other factors, such as temporal un*, humidity, t^fctrical atid 
other chang’cs are prominiuit factors. Of thfso, Iloliiiitiwortli 
says,^'*" “such iutliu‘uct‘s, it would ht* oJC(*<‘t*dinjLrly dillictdt fo 
disentaiijrle from many other factors", and “there is, iiid*Td, 
no evidence that they exist.’’ The prt‘sent work, at least, *^dves 
us no reason to beli(‘ve that such fact<u*s do not t‘xist ; iiidt*tMl, 
it would s(‘em reasonable to aj>rre(* with Marsh, that althou*rh 
such factoi^} may b(‘ isolattul ordy with tlu» ‘greatest dirthudty, 
they siiould not on that account be left (Uit <if t*ourt. Ihif to 
what extent such fact(U‘s are effective in th-terjiiiniiu-^ rrtieirih'v, 
and to what ext(‘nt tin* effect td’ the work proc*ess itself is in 
volved, cannot at pn‘sent b(‘ (hderrnined. As far as tme aide 
to see, tile two jrroups of intluc‘m*es work in liarmnnv , and to 
gether an* responsibh* for daily variati<ms in ertit*ieuev. 

Tin* proc(‘ss of atlaptation, h<i\v«*ver, can (umtinue (irdy tu a 
certain point, wh(‘n its course, by reason <d' opfvosiinr fiM'tors, 
is n*tardt‘d. Prominent amon<jrsu<*b imalifyinjr factors is fnti*ne*, 
wliicli varies with tin* individual, the kirul of wtu'k, atid uith 
various external eonditinns. Pe«din^s of fati‘*:ue, loss of int«u* 
est, and similar <*oti<litions have a similar off^rt. TIo- tno*' and. 
li(‘artini‘ss of im*als, dru^s, and disturbanei-s in ititorn.il ajot 
(‘xt(‘nial conditions from other eauses, also tmulify tin* i’ouiNi* 
of etfK'ieiK'V. 

Tin* curves of ertieiiOO'y for alt forms of activity arr ni *OMst 
nvspcuds alike; in fa<*t, as far as the rnornin'T is eoneorm-d, they 
an* identical. But with retrard t<» tin* afternotin hours certain 
eharaet(*ristie <liffen*nees were fouml dilfermH*es, it srmiiN reas^ 
onahh* to snppost*, which are caus4*d fdther a ddferem»e in the 
form and natun* of tin* process <if mlaptation tuv, what seoioN 
mon* lik<‘ly, by a ditferen<*e in the effect ivenevs m the assault 
of tin* various fn<*tors fatione, enmti, meals, #Ue., whieh have 
hi*en menfion(*<l, or hy the>u* eomliined with ndaptatiem. 

Whatever the causes nuiy he, the fact is clear that tliosr 
j)roc(‘sses whieh are more strit*tly mental reach their ma^uuum 
in tin* later foreinum, and show a opeat dei*reasr follow in?f the 

n'u HoIUiigworth, op, nt., p. 4711. 
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tnidtlay mvn\ ; wliilo flu* ruiulions whose* <*I<*rnt‘nts an* chie'fly 
or wholly motor show a ooiitiimous hu*n*ase‘ in <*tT[i(*ie*iu*y eluriop: 
tiu* sohool (lay, with tlu* maximum ofcurriii^ in the* last liour. 
UoHiu^wortld-'*^ Foiitul a similar (litTe'n‘m‘(‘, of which ho write‘s; 
“Tlu* iufliu‘uct* of (•oritinut‘(l work upon mon* strictly uu'utal 
pr(KH*ss(*s triirt‘rs (*harat*t<‘risti(*ally from the* e*tV«*t‘ts upon pro- 
(*(*sst*s (•sse‘ntially mus(*ular in nature.” In the* pn‘sont work 
tlu* (litre*n‘iu*e* is mtvst mauitVst in tlu* hour following the* mid- 
day me*al; tlu* nu‘ntal prot*t*sse*s show a de‘(‘ide*d drof) at tliis 
hour, while the motor at‘tivitie‘S show an inere'use. Apparetitly 
the various factors which arise at the tinu* of the* mielday nu'al, 
or which follow it, have* less etVee*t on the* motor than on tlu* 
me*nfal Ftinetions. It is firohahh* too, as Hollin^rworth has 
pointe‘d out, that in the* li«*ld of motor finections there is a more* 
extcnde‘d and more pronounced adaptation than in tlie* tielel eef 
the mental Functions. 

Midway he'tweMui the* eurve*s of e*Flie‘ie*ncy For the* strict 1\ 
me*ntal Functions and the* strictly motor fune'lions, lies the* 
course* of ertieie*ncy for lar^^er muse*ular <‘ontrae*tions atui stre*n«dh. 
The* data from a lar^o number of invi’stipitions i sei* p. 77 i have* 
^e*nerally a^n’e^d in showint.^ an iiu’rense* From a rnorniiur mini 
mum to an aFterneion maximum oF e*rti<*i«*ne*y similar to the curves 
fouml for the* motor proef*sse*s. The* curves For jfross muse*ular 
strenjrth, howe*ve*r, p*iu*rnlty show a te*mporary dt*e»r«*Hse follow^ 
in^r the* midday m<*ul, in which respe’e»t they re*se*mbb* the* e*urve*s 
for tlu* strii*tly me*ntnl fuiudions. This ^ive*.s us a third Ftirtn 
of variation in e*tVu*i<*ney. and produce*s additional e*vide’nce* that 
ce*rtain factors dependent upten tlu* midday me*al may t'ause*, in 
.some* forms of activity, a drop iti e*tlici«*ncy. Such factors have 
a very notice»ahIe* intlue*nce in the* fh*ld of tlu* strictly mental as 
well as of the* {rross nmsetdar futictions, while* tlu*ir effect is 
([uite* iu*M:li^^ihle* upoti sue»h motor functieens ns have* be«*n here* 
(»onsidc*re*d. 

The pre*se‘nt study indicates, more*ove’r. that tlu* pnre*r tlu* 
motor Function, tlu* more* pronourie't*et will he its ditrere»nce* From 

Op. cU., p. tat. 
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the eoiU’se of tlie more strietly mental fuiietitins. The afternoon 
increase in speed of movement (maze test ^ for example, was 
double the increase in cancellation. Tin* latter apparently was 
on the border between the nnhen* and mental funet intis, and 
while it resembled the curve of tin* eomparativt*ly [mre motor 
funetious, it showed a tendency to partake of the nature nf the 
other group. This relation was indicatecl also l>y the mnf!t*rate 
coiTelation found betw(‘en spt‘ed <tr movement ami eaneellation. 

The facts brought out by the eiirrelatioii of tests throw light 
on the diurnal variation, since they furnish ailditional eviilence 
of a general ebb and flow of etlicieney ratln*!* than of ilistinetive 
rhythms for specific functions. Kxcept ftir tlie funetitms which 
were very closely related tt*uiltiplieuti<m ntnl jnhlitii>n: amlitory 
and visual memory), but small pc»sitive t*t»rrelations w»Te found 
— a fact which indicates that tin* tt‘sts which WfU’e used nieas- 
ured a variety of comparatively tmrelated funetiuns. The 
curves, then, for a number of sueh unrelateil functions ar*- very 
similar save, of cour.se, for the diUVrenee between rnental ami 
motor functions, to which we linve just alludeit. Tin* nh-a often 
held that different sorts of mental netiviti**s might haw ilistinct 
daily variations is not in agreement with the results liere ob- 
tained. These point rather to the 4*xlstenct* of a few dcihiite 
rhythms whieh are in many respeets the same; a rhythm com 
mon to all mental funetions; another tMimimm to most motor 
functions (maze te.st and eaneeUntion test, ete.»; ami perhaps 
a third for gross muscular strength, b'or sueli fumdmns as 
.partake of tlie nature of two or imus* of tln'se larger gnmps, 
the covimi of (*ffiei(‘ney falls hetvveen the «»urv**s of the fuiiethuis 
(*.()n<*erned. 

The application of the results of this and other investiga- 
tions will be left largely to the reader; mention will he mad** **? 
a few inevitable sugge.stions <inly. First of all, it is eb*ur that 
any trustworthy investigation must m*t disregard tin* existence 
of periodic changes in effieieney. Mata wJueh are to coni' 
pared cannot with safety he obtained at ilifferenf tiim-H of th** 
day on .snece.sHive days unh‘ss some m*-ans of eoinputing tb»* 
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diurnal variations of efficiency are available. Similarly, in the 
investigation of fatigue or of phenomena which require con- 
tinued or discontinuous work during the day, such periodicity 
in performance should not be left out of account. 

Sex-differences have been computed with the result that the 
girls generally excel; but sex-differences with regard to the 
diurnal variations of efficiency have not been discovered. 
Although some investigators^^® have found slight differences in 
the time of maximum efficiency of the sexes among adults, 
others have not found such variations; and the present work 
indicates that marked sex-differences are not to be expected. 
At any rate, for practical purposes, it seemed best to take the 
sexes together in an attempt to discover the daily rhythm of 
efficiency for the reason that, at the present time at least, mixed 
classes are prevalent in the schools; and the results, if they are 
to be applied to such, should be based on the work of children 
of both sexes working together. 

The results warrant no definite conclusions with regard to 
fatigue. To conclude, because of rapidly increasing efficiency, 
that pupils are not affected by fatigue at certain hours of the 
school day, would be unjustified for the reason that the efficiency 
shown at any hour is that of a mechanism in a certain stage of 
adaptation and at a certain stage of fatigue. Were no fatigue 
present, efficiency at any hour compared with that at the first 
hour of work might be quite different. In fact, the work of a 
host of investigators has shown that fatigue and feelings of 
fatigue, and the like, are, under certain conditions, quite suf- 
ficient to conceal the advantage one hour may otherwise have 
over another. 

Since children engaged in the regular work of the school 
served as subjects in the present research and their efficiency 
was limited by such pure fatigue as existed, there is reason to 
believe that, in school work at least, much of the decrease in 
efficiency as the day wears on may be due to psychological 
rather than to physiological factors. Lack of interest, feel- 


139 E. g., Marsh, op. cit., p. 90. 
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ings of fatigue and the like, may cause the pupils to lessen 
their application to their work; and under such conditions as 
those in the present tests, where such feelings were largely 
eliminated, it is seen that the time which to casual observation 
may he the least efficient is really the time of greatest efficiency. 
It is probable that in the case of children any attempt to force 
an intense application to work at times when there is but slight 
inclination would be hazardous, in part because the pressure 
would be resented and would prove more harmful than the 
work itself. But in the ease of adults a voluntary ordering of 
their lives is more clearly within the range of possibility. The 
feelings of fatigue and of ennui, which become more habitual 
and insistent as one indulges in them, might be made to dis- 
appear if one would work on in spite of them. Fortunately 
it appears that during some of the periods when we are most 
susceptible to such feelings of indisposition, the tendency to 
slacken in our work is counterbalanced by a high efficiency 
which then exists. To be able to avoid the disadvantages of the 
former and enjoy the advantages of the latter would be an end 
worth striving for. That one could, by effort, obtain the gain 
resulting from the disregard of the feelings of fatigue and the 
like, without suffering a loss due to various retarding factors, 
is a matter of great concern, but it lies beyond the field of the 
present work. 

With regard to the arrangement of the school day, the data 
here presented have certain implications. Prom the results ob- 
tained by the more strictly mental tests, the advantage of a 
longer recess following the midday meal is indicated. The 
period of mental inefficiency persists until about 2 o’clock, and 
it would seem to be a wise move to arrange a two-hour recess 
before this time. Unfortunately we cannot be perfectly certain 
of the wisdom of such a change^^*’, for the present research does 

140 It is possible that the break in the period of work at midday, 
the habit of relaxing and resting at that time — quite apart from the 
mere physiological effects of the meal — allows the organism to revert 
from the state of high efficiency which existed in the late forenoon to a 
state of relatively low efficiency. Consequently it might well be that a 
certain amount of work must be accomplished to get the organism 
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not actually show that th<* hour from .*{ to 4 i\ m. is hijrh in tlir 
sralr of rfllcirnry, althoujrh tlu‘ trorul <»r tin* t*urvo <lurin*i: tin* 
hour pivrodiiij^ in(li(*att‘s this. M<irt*tvvt‘r, whtui th(‘ niot<»r fum*^ 
tions atv o(Uisi(l<‘r(‘(l, th<* I o\4o(4v hour ap{M*ar’s t<» hr out‘ of 
n‘lativ(‘ly f*:n‘at i^Virituiry, sinrr it is artually sti[M»rior to th«‘ 
ht‘st of th<‘ fonuiocui hours. Surh school work as drawiri*^, 
writinj^;, and (4lu‘r ui<4<»r functions. a[>parrntly. could la* ^ivcn 
with Uilvantap* at tins hour, and the advisahility of shiftin^^ 
the afttu'uoon session to a lati*r hour wiaild remain doubtful 
unh‘ss it (*<iuhl he ihanonst rated that the tnmr from .4 to I n. m. 
is of t‘Vt*n jrreater erti«‘iency for muscular work. 

On t!it‘ wh<»le. the present work has contirmctl tin* couchi 
sions (d’ Winch and <»thers that ditVictdt suhjei*ts tnay he handleil 
as etVectivf'ly in a later hour of the forenoon as at an earlier. 
It indic*ates further that in ‘.general tin* forernam is the best 
tirtu* for strictly tuental work, althmudi the titst mtuaiinjt hour 
is poor, w'hiie the afterimon may h^.sl hi* taken up with s«*lnM»l 
suhj(*<*ts iti whieli tin* motor fuetors are predominant. Yet it 
does not t)f tn‘eeNdty follow that the timi* «»r icreatest [lerhirm 
aiiee is the time of r'eat«*st improvement. The time when one 
<*an w<»rk prohh-ui'H in aritinin'tie with the jn’ratest spt‘i*tl atnt 
aci’iiraey may not he the tinn* when one will c»htain tin* most 
Institijr heiietit from the wtirk, or make tin* riTah'st advamo-. 
Indeed, the knowhsl*^* of tin* r\aet ri*lat itmslnp of these con 
iiithms wtmhl he (»f jxvrni vuhn*. The work t»f Wineli i p. tJO f, s 
has shown us that in tin* easi* nf »’omptitnti*»n tin* time v\e have 
haind most etlh’ient hu* perhu'inanc** is also the linn* at wliieh 
tin* pu[»ils h*arn most rapitlly. This ws»uhl jrive s«ime support 
to the thoujdd that maximum pf*rformance eonies at the tinn* 
of ma\tmum impr<tvement. 

The last wsinl with r<*»^artl to dailv varintiotts in eflicieiiev 
has not, by anv nn-ans, In-en spok»*n. 44n* presmt findiinri can 
u<»t with asHiirance he appln-d t<i eonddions ddVer**nt from tln>si‘ 

UKala **wanuc(l un'* .unci in flte •'stttnr, tor wtirk". a nrac**aH wtileti 
ttUakt rtui ttn* same t-ouna' wtn tttfr U wer** tMrnn af I r. m. or « c. \i. 
or Inter. F<»r a (titicusjUtMi enudtfoil/ltif', the pliyjttohtKteat effects of ttm 
laenl ejipt'claUy. .see tintter, Vtufitt Fiitiijut\ traiin, t*.v Wtiipnle 
p. St;. 
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under which the investigation was conducted. The true char- 
acter of daily rhythms in efficiency can be determined only by 
extensive investigations carried on at different places, under 
different environment, at different times of the year, and under 
different climatic conditions. If other investigations show that 
the same variations take place despite these different conditions, 
such knowledge will be of marked pedagogical significance. 

Transmitted September 12, 19H. 
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PAET I 

THE ATTENTION VALUE OP POSITIONS ON THE 
EIGHT-SHEET BILLBOARD 

Section 1: Experiments Without Predetermined Fixation 

The entire problem of attention, of which this paper treats, 
is of importance to the advertiser, and an understanding of it 
is necessary for the wisest application of advertising. 

Of the various media of publicity used in modern advertising 
the present study is concerned with that form of outdoor pub- 
licity known as the bill-board, and especially with a definite unit 
of that system, the eight-sheet stand. 

This form is composed of eight one-sheet units, each measur- 
ing 28 inches high by 42 inches wide, the total area of the eight 
sheets being 9 feet 4 inches in height by 7 feet in width. 
Each one-sheet unit, because of its position in the visual field, 
has a definite attention value. Our problem resolves itself into 
a determination of a preference point, or of the distribution of 
attention over the area in question. 

The plan of the experiment here reported involved a series 
of tests with and without the introduction of a fixation, point 
on boards, at, above, and below the level of the eyes, and in- 
volved also minor considerations which will be explained dur- 
ing the progress of the report. 

The practical difficulty of dealing with the full-size bill- 
board required its reproduction in reduced dimensions, which 
still preserved the visual angle and proportions of the original. 

In the first part of the experiment (in which five observers 
were used), the observer was seated within a darkened enclosure, 
having an opening through which he observed a white screen 73 
cm. high by 57 cm. wide — ^the proportion of the bill-board. The 
center of the screen was placed in line with the primary position 
of regard, 4 meters distant, in a room darkened sufficiently to 
make the screen only faintly visible. 
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All t‘xposur(‘ wh<‘t‘l with an ap<‘rtiirt‘ ot* 0.4 ' vnt radially, 
whirh jravr an <*xposnrt‘ nf alauit 1.0<r was used in ronruadion 
with a pr<ij<‘<*tion lant<‘rn and lantern sli(U‘s made for tin* pur- 
pose of the experimont. Tin* sli(h‘s were niarktal in sindi a man™ 
nt‘r that wluai projt‘ett‘d on tin* screen, tin* area of tin* miniature 
bill-hoard was divitled into eij^ht t*(iiial parts, of <linn‘nsi()ns 
correspond in jr to tin* <jne“Sheet units, seven of which containe<l 



eaicli a black cross, ijue rt*mHinii 4 s: blank. The locati<»n of the 
blank varied in each slide; tims ei* 4 :ht ditTi*rent positions were 
assuineii by the blank durinjj!: the coursi* of the t‘xperiment. 

Mach space unit had a position name, as indicatcfl in Pi^ure 
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TABLE I 

Judgm€7its for Different Positions on the Billboard 
Chance Order 


JUDGMENTS JUDGMENTS 



1 

2 

3 

4 

5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 

N 

27 

15 

2 

4 

25 

17 

20 

9 

N 

10 

5 

3 

4 

46 

18 

10 

6 

K 

22 

10 

2 

2 

10 

9 

12 

5 

K 

12 

8 

3 

9 

28 

10 

3 

6 

J 

21 

9 

3 

2 

3 

4 

6 

5 

J 

3 

5 

2 

5 

20 

8 

8 

2 

H 

27 

1 


1 

7 

2 

2 


H 

4 

5 


5 

20 

11 

4 

2 

B 

25 

9 

1 


9 

6 

4 


B 

3 

1 

1 

2 

27 

10 

3 

1 


122 

44 

8 

9 

54 

38 

44 

19 


32 

24 

9 

25 

141 

57 

28 

17 


Total Judgments, 338. Total Judgments, 333. 

Correct Judgments, 122, or 36%. Correct Judgments, 141, or 42%. 


JUDGMENTS 



1 

2 

3 

4 

5 

6 

7 

8 

N 

13 

71 

7 

1 

14 

13 

6 

4 

K 

14 

49 

5 

2 

3 

7 

6 


J 

11 

15 

3 

4 

4 

9 

7 

6 

H 

1 

34 

2 

1 



1 

1 

B 

11 

26 

6 

2 

3 

5 

5 

4 


50 

195 

23 

10 

24 

34 

25 

15 


Total Judgments, 376. 

Correct Judgments, 193, or 52%. 


JUDGMENTS 

1-2345678 
N 3 8 54 3 10 6 11 10 

K27 53 3 8172 

J 7 10 24 3 478 

OH 30 22311 

B3 6 25 4 27 13 1 

15 31 186 15 26 24 40 14 

Total Judgments. 351. 

Correct Judgments. 186, or 33%. 


JUDGMENTS 

12345678 
N 6 10 4 51 11 8 2 1 

K:22 6 57 2141 

J23 8 29 4111 

4h .22 28 1311 

B297 14 7821 

12 26 27 179 25 21 10 5 

Total Judgments, 305. 

Correct Judgments, 179, or 59%. 


JUDGMENTS 



1 

2 

3 

4 

5 

6 

7 

8 

N 

5 

12 

5 

4 

20 

37 

10 

9 

K 

4 

15 

6 


10 

43 


2 

J 

9 

9 

3 

4 

7 

17 

10 

10 

H 

1 

3 

3 

1 

8 

19 

3 


B 

7 

9 

6 

2 

10 

12 

4 

2 


26 

48 

23 

11 

55 

128 

27 

23 


Total Judgments, 341. 

Correct Judgments, 128, or 37%. 


JUDGMENTS 

12345678 
N 2 4 2 3 12 21 54 10 

K2 1 1 1 1 10 70 1 

J12313 14 32 5 

HI 1 2 6 32 7 

B 9 3 5 3 10 7 18 3 

15 10 11 9 28 58 206 19 

Total Judgments, 356. 

Correct Judgments, 206, or 58%. 


JUDGMENTS 

1234567 8 

N7643886 57 

K12161 3 49 

J25 63 1 1 10 20 

H 351133 23 8 

B 8 12 4 3 1 6 10 11 

18 28 20 16 12 18 32 160 

Total Judgments, 304. 

Correct .Judgments, 160, or 53%. 
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1 ; beginning at the top and left was No. 1, followed immediately 
below by Nos. 2, 3, and 4 ; at the top and right was No. 5, then 
6, 7, and 8. And it was the duty of the observer to locate the 
blank by its appearance in one of the above positions. The cor- 
rect judgments determined the relative attention-value of the 
different space positions. 

The observer’s expectant attention was secured by the two 
commands ready” and ''now”, the first given two seconds 
before the stimulus. Whenever an alteration or an indecision 
of judgment occurred, that slide was replaced by another. Only 
definite judgments were recorded. 

The first method of exposure was that of a chance order of 
presentation, and Table I, page 160, gives the judgments of the 
five observers.^ 

From this table it may be concluded that the relative value 
of the various positions as indicated by the correctness of locat- 
ing the blank is as follows : 


Position name.* 

Highest Value 4 

7 

8 

3 

2 

5 

6 

Lowest Value 1 

*See diagram, page 159. 

Other systems of exposure . — The question whether the 
recognition of the position of the blank was influenced by the 
preceding exposures formed the motive for the following series 
of experiments: 


1 In the accompanying tables the actual location of the “blank'" will 
be indicated by the bold-faced numeral beside the group of judgments. 
Heading the columns in each particular group there appear the position 
names, and under these appear the judgments which assigned the blank 
to that position. 
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System 1-2-2-1: The blank exposed in position 1 followed 
by its exposure in position 2 — then reverse 
order, blank exposed in position 1. Blank 
exposed in position 2 followed by its exposure 
in position 3 — ^then blank exposed in position 
3 followed by position 2, thus continuing 
through the remaining combinations. 

System l-S-b-l: The blank exposed in position 1 followed 
by its exposure in position 5 — ^then reverse 
order, blank exposed in position 5 followed 
by its exposure in position 1. Blank exposed 
in position 2 followed by its exposure in 
position 6 — ^then blank exposed in position 
6 followed by position 2, thus continuing 
through the remaining combinations. 

The positive primary image by which the blank was prin- 
cipally recognized persisted for too small an interval to remain 
in any memory process for comparison with the succeeding 
blank. The intervals between the exposures (about twenty 
seconds) were of such a duration that no persistence of any after 
image of the preceding exposure was observed. We may there- 
fore assume from the following data that there was no sensory 
fusion or any sensory illusions. 

From Table II we may conclude that by this system (1-2-2-1 
order) the relative attention values of the various positions in 
order as indicated by the frequency of correct judgments is; 


, Position Name 

Highest Value 7 

3 

4 
8 
2 
6 

5 
1 


Lowest Value 
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TABLE II 

Judgments for Different Positions on the Billboard 
Order 


JUDG-MENTS 
1 2 3 4 5 6 7 

N 1 15 2 1 

K 3 1 12 4 3 

J 3 3 11 1 

1 H 5 1 

B 1 2 3 11 

13 6 3 11 S 6 

Total Judgments, 51. 

Correct Judgments, 13, or 26%. 


JUDGMENTS 

8 12345678 

2 N 2 1 4 2 1 

1K42 3212 

IJl 1 2321 

H 2 3 1 5 

B 1 5 2 

4 8222 17 935 

Total Judgments, 48. 

Correct Judgments, 17, or 35%. 


JUDGMENTS JUDGMENTS 

12345678 1234567 

N671 36 1N211246 

K8 14 211 1 K163 3 10 11 

J5221 424J3112 3 91 

2h13 H2153i6 

B4611 31B33 451 

23 42 6 3 4 10 6 6 9 13 6 4 19 33 4 5 

Total Judgments, 100. Total Judgments, 93. 

Correct Judgments, 42, or 42%. Correct Judgments, 33, or 36%. 


JUDGMENTS JUDGMENTS 



1 

2 

3 

4 

5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 

N 

2 

2 

9 


2 

1 

4 

2 

N 



1 


4 

4 

7 

4 

K 


1 

16 






K 

1 

1 




2 

20 


J 

4 

4 

6 

1 

1 

3 

1 


J 


1 

2 



6 

10 

1 

H 



10 

1 

1 

1 



H 






2 

10 


B 

2 

2 

5 

4 


1 

2 


B 

2 

2 

1 

1 

4 

1 

4 

1 


8 

9 

46 

6 

4 

6 

7 

2 


3 

4 

4 

1 

8 

15 

51 

6 


Total Judgments, 88. Total Judgments, 92. 

Correct Judgments, 46, or 52%. Correct Judgments, 51, or 55%. 


JUDGMENTS 

1 2 3 4 5 6 7 

N 115 111 

K 1 1 10 1 1 

J 3 6 1 

4 H 3 3 

B 1 1 12 2 1 

2 2 5 25 5 6 3 

Total Judgments, 48. 

Correct Judgments, 25, or 52%. 


JUDGMENTS 

12345678 
N 2 1 16 

K 3 9 

J312 121 

H 11 4 0 

B 12 1112 

53 54124 22 

Total Judgments, 46. 

Cori-ect Judgments, 22, or 48%. 


00 
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TABLK III 

Judgments for Different Positions on the lUllbuout 
Order loot 



JUDUMKNTS 




.M iHi.MI'.Nrs 



1 

2 3 4 

r> (i 

7 

S 

t 

2 3 4 

ft t 

* 

N 2 

1 

;i 2 

(1 

4 

N 3 

1 0 

;■ 


K 3 

G 1 

1 

1 


K 2 

1 4 

t I 

I 

.] 3 

1 

1 2 

1 


.1 

1 I 1 

1 

t 

11 4 

1 

1 



H 

1 2 

4 


B 2 

2 

1 

1 


II 

I 1 

I 1 


14 

9 3 

t) 5 

3 

4 

:• 

4 . 

' 

2 

Total 

.1 udi'moiit.s, 44 





.luilKOti’Mf 41 



Corroot J udf^mon ts, 

14, or 

32^4. 


(‘iirtvrt 4 ■». I *o‘ 

U 



1 2 

JUIKJMKN'PS 

3 4 0 t) 7 

s 

fl IM, \|K\ { >1 

I 4 4 . «. 


N. 9 

1 1 

1 

N 1 1 1 I ; 5 


K 3 3 

.1 4 

1 2 11 
1112 


K 1 2 1 ;; i 

.1 :: l 

t 

Ji 3 

B 4 

3 23 

1 1 

4 1 4 4 1 

I 

11 2 

11 I .5 2 

3 H 1. \ » 1 1 


'I’otal .fudffincnts, 41. 

Corroct J ndpiuMits, 23, or r»<94. 


4‘utiU .1 lulH’oo’ot T. It 

Corivf f J >, tj, .o 





dUIHiMENTS 

Jt 

1 

O 

3 4 

0 7 

1 2 :i 1 . *. 

N 

1 

7 

1 2 1 

XI 112 1. 

K I 

2 

fi 1 


K 2 ^ 

.1 

2 

2 1 

1 2 

.1 1 t 1 

ir 


2 

lilt 

HI t 12 

B 


3 

1 1 1 

B III 

1 

r> 

20 2 

4 2 0 

2 1 ;} :? ‘1 

Total 

JudKnuMits, 42. 


'I’fftMl 4 Otl 1 . 4 1 

(.'orroct Judjj:nu*nt.s, 20 or 4H<;. 

<‘*»riv*f .Ind^iurnf <>. 2i». Mt 1 » 


.)V 

DdMK.NTS 



I 2 3 

4 r» (i 7 


12 5 1 , *. , 

N 

9 1 


X } 1 : 

K 2 

(» 1 


tv t 1 

J 1 1 

() 


I 11; 2 

H 

4 1 

1 

tt t 14 

B 3 1 

1 1 


» 2 2 It 

4 4 

20 2 2 

1 

2 4 1 1 1 r 

Total .Iiulftnionts, 3!i. 


Tfftal ,1 i i 

(’orroct Jiidju:nu'ut», 2(1, or , 


('i»rr»Mf 2 ! (fis, 
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I (>5 

From Table* HI, we* oiay (*oiu*luel(‘ that by this syst(*iti (1 o 
T) I orele‘r) tlu* rt*lativ<* attt‘ntie)u valut‘s of the* various positions 
as in(ru*att‘el by tlu‘ir rrt‘<iiu‘m*y ot‘ e*orrt*c*t juelj::;mt‘nts is: 

Position Nium* 

Higlienst Value* 4 

8 

€> 

7 

:i 

n 

» 1 

L0W«‘Ht Vuluo i\ 

The* folleiwiiiK (*tuule»nse‘(l Table* IV tp. Uu ) ^ives a r<*ra 
pitulatieui of the* pt*rt*e*utnji:e* of ceeriwt jiul^iiwnts feu* the* thre*t* 
syste‘ias» and also the* first and st*t*<en<l ''substitute*’’ ixesitieuis* 
that is, the* posit ieuis most fre‘e|ue*ntly chose*!! ut the* incorrt*t*t 
jiid^me*nts for e*Hc*h syste*m. 

Fomputijiji: the* jeroportionate* tmmbe*r eef (»orre*e*t judjitnie*nts 
to tile* teefal re*e*e*i ve*d, wt* liave* the* following averu^* pe*rc«*ntaij:c 
of corre*<*t ju<iijrna*nts f<ir e*aedi sy.ste*m arnl their * 4 :<*iu*ral av<*ra^c 
for the* nppe*r half and the* lovveT half eef tlie* bill board. 


UlUa’r half 
(Nos. I, 2. n, tn 


e’hauce* ordeT , . 

V2rr\ 


1 Hysteiu . . 


1 eieue*nil Averuae* ItaSi 

1221 .systeuu , 

:ap;j 

l#owt*r half 
(Nos. a. 1. 7. H) 

(‘hanci* order . 

ttU* t 1 


I-refel «y.*di*m 

nr»s j 

^ (te*ne'rHl Averna*’ oP . 

1 2*2U systeua 

nipji 



There is i*tjnse*<juc*ntly a marke»el teneleney of atte*ntiem toward 
the* lower half of the* s(*re*<*n. 

FonifuitinK as abeive* the* ave*rajre* iM‘ree*ntn^4:i*s of (•orreM*t judK 
ine*nfs f<»r e*nch syste»in anti tlieir j»:e*nernl averaj^t*. ftu* the* h*ft 
half anel rij<:ht lialf of tin* bilbboarel, tln*y are as follenvs: 
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Chance order 
1-5-5-1 system 
1-2-2-1 system 


Chance order 
1-5-5-1 system 
1-2-2-1 system 

Thus the two vertical halves with a three-per-cent difference 
are more nearly equal than are the top and bottom halves with 
a j6Lfteen-per-eent difference; the left half, however, receives 
slightly more attention than does the right. 

The results do not indicate any influence from the preceding 
position of the blank. On the average, there is, however, a con- 
sistent tendency to attend to the left half of the screen more 
than to the right; and to the lower half, than to the upper. 
Positions 1, 5, and 6 are, in value, uniformly near the bottom 
of the list ; while position 4 is uniformly at or near the top. 

Section 2: Experiments With Fixation Point (The Eye in Primary 

Position) 

The second part of the experiment consisted in an attempt 
to note what would be the influence of a fixation point upon the 
relative attention value of the various position units of the bill- 
board, (a) when the center of the bill-board is so placed that 
the eye in fixating it is in its primary position as before; (&) 
when the bill-board assumes a position above or below this. 

Method , — Six observers were used, four of whom had had 
experience in the first part of the experiment. The observer 
was seated in a dark chamber wherein the screens were exposed. 
Three screens, each having the dimensions used in the previous 
part of the experiment, were placed directly above one another ; 
the middle screen, whose center was in the primary line of 
regard, was three meters distant from the observer, the angle 
of vision being 14°. The centers of the lower and upper screens 


Left half 
(Nos. 1, 2,3,4) 

5 0 % I General Average 48 % 
44 %j 

Right half 
(Nos. 5, 6, 7,8) 

48 

44 % L General Average 45 % 
44%J 
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TABLE IV 


Recapitulation of Exposure Methods 



JUDGMENTS 

Correct 

Substitutes 


Average 

1st 

2nd 

Chance 

36% 

5 

2 

1551 

32% 34% 

2 

5 

1221 

26% 

5 

6 



JUDGMENTS 

Correct 

Substitutes 


Average 

1st 

2nd 

Chance 

42% 

6 

1 

1551 

41% 39% 

1 

7 

1221 

35% 

6 

1 



JUDGMENTS 

Correct 

Substitutes 


Average 

1st 

2nd 

Chance 

52% 

1 

6 

1551 

56% 50% 

3 

6 

1221 

42% 

1 

6 


JUDGMENTS 



Correct 

Substitutes 


Average 

1st 

2nd 

Chance 

53% 

7 

2 

1551 

48% 51% 

7 2 

1221 

52% 

2 

1 



JUDGMENTS 

Correct 

Substitutes 


Average 

1st 

2nd 

Chance 

37% 

5 

2 

1551 

27% 33% 

2 

5 

1221 

36% 

5 

2 


JUDGMENTS 



Correct 

Substitutes 


Average 

1st 

2nd 

Chance 

58% 

6 

5 

1551 

49% 54% 

6 

5 

1221 

55% 

6 

5 


JUDGMENTS 



Correct 

Substitutes 


Average 

1st 

2nd 

Chance 

59% 

3 

2 

1551 

67% 59% 

3 

2 

1221 

52% 

6 3 


JUDGMENTS 



Correct 

Substitutes 


Average 

1st 

2nd 

Chance 

53% 

7 

2 

1551 

60% 53% 

7 

2 

1221 

48%> 

1 

3 
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were each 78 em. di>stant from the center of the middle screen, 
the respective visual angles being 13°, while an angle of 21° sub- 
tended the 114 cm. distance between the center of the middle 
screen and extreme upper and lower edge of top and bottom 
screen respectively. A permanent fixation point was formed by 
a small and very dim glow-light exposed from behind through 
the center of the middle screen. Coming from the same light- 
ing system, the fixation point and the illuminated area of the 
screen had a constant relative intensity. 



The screens were invisible in the complete darkness of the 
room, and the same apparatus was used as in the earlier experi- 
ments. After retinal adaptation to darkness to such a degree 
that the dim fixation point became visible, a series of judgments 
for each level was secured separately, so that there was an 
‘‘associated expectancy’’ of the special relation of the exposure 
to the fixation point. 


Levi/: Ex2>erimeNis^ on Attentian and Momori/ 


1(59 


The ol)S(*rvt‘rs W(‘ri‘ nuitioiu*(l throughout tlu‘ oxporiiuont to 
nuiiutaiu a sttuuly fixation whou tin* sijxiial was IIovv- 

(‘vor, it is prohabh* that oroasionally thort‘ was uiironsoious 
mownuuit of tlu‘ t‘yt‘s. 

A ^vviitvv (‘rtort (»f th<‘ will, to luaiiitaiii tlu* (lt‘sirc(l attou- 
tion, was iio<*(‘ssnry Iuuh* atitl a p:roatt‘r strain rosulttul than in 
any <»tln‘r part <»f tlu‘ t'xprrinuuit. 

Th(‘ sann* prootuluro of rxposuro was niaiiitaint‘<l as in tin* 
first part of tlu* 4*xp<*rirnfnt. An intcrprt'tation of tlu* follow- 
ing tablt‘s will ^ivo an indit^ation of tlu* attontion valiu* of tlu* 
tIifTc*n*nl positions <jn tlu* uppi‘r and lowur suroun as t*omparod 
with thoso on tlu* rnitldh* soroon, whih* tlu* fixation pcant con 
tiniu‘d at tlu* primary posit i<in. 

( ’oinincncinji: with tlu* lower scri*«*n ( st‘c 1'ahlc Vt, tlu* ntten 
tion values of tlu* p<jsiti(uis by reas<m of ttu*ir averap* pereentap* 
of (‘orrect jmhnnents bdlow: 

Pt*.sltio!» Name 


nirhcst Value 


I 

s 


Lowest Value 


t; 

a 

I 


The first three fall within tlu* tttp half <>f the seri’cn, the urea 
nearest to the fixation p<hnt, ami closer f{> the ei*nter of visitm. 
'riu* jiulc'inents of the rijrht amt left halves of the s<*rt*en iruli 
eate nothin**: worthy (if <'oniment. 

The attenti<»n values for fiositions on the middh* screen (see 
Table VI ) an*: 

PoHlilon Name 

Hlatu-at Value :i 


7 

H 

4 

I 

a 


Lowest. Vuhu' 
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TABLE V 

Judgments for Different Positions on the Billboard 
Lower Level 

Fixation Point '18 Cm. Above 




JUDGMENTS 






JUDGMENTS 




1 

2 

3 

4 

5 

6 7 

8 


1 

2 

3 4 5 

6 

7 

8 

N 6 

1 


1 

3 

1 


N 

1 


6 

5 



K 6 

1 



1 

2 


K 

1 


7 

1 



V 22 

2 

1 




2 

V 

1 


22 

1 

5 

2 

B 4 


1 


5 

1 1 


B 

2 

1 

1 3 




H 17 

1 

2 


1 



H 



17 

2 

2 


65 

5 

4 

1 

10 

4 1 

2 


5 

1 

1 55 

9 

7 

2 

Total Judgments, 

82. 




Total Judgments, 80. 




Correct 

Judgments, 55, or 

67%. 


Correct 

Judgments, 55, or 

699! 

p. 





JUDGMENTS 







JUDGMENTS 




1 

2 

3 

4 5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 

N 

8 

2 


3 



N 

1 



1 

5 

4 

2 

1 

K 

10 

2 





K ■ 

1 




5 

2 


1 

V 1 

26 

4 


1 

1 

1 

V 



2 

1 

4 

13 

5 

4 

B 1 

4 

1 

1 1 

2 

2 


B 

1 

1 


1 

7 

2 

2 


H 

17 

3 



1 


H 



1 

2 


11 

4 

4 

2 

65 

12 

1 1 

6 

4 

1 


3 

1 

3 

5 

21 

32 

13 

10 

Total Judgments, 

92. 




Total Judgments, 

88 





Correct Judgments, 65, or 

70^0. 


Correct 

Judgments, 

32, or 369&. 





JUDGMENTS 







JUDGMENTS 




1 

2 

3 

4 

5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 

N 2 

1 

■ 1 


2 


5 

1 

N 





2 

6 

5 

1 

K 2 


4 

1 


1 

2 


K 

1 

2 



2 

1 

3 

3 

V 

2 

13 

11 

1 


2 

3 

V 

1 

1 


1 


4 

11 

9 

B 2 


4 


3 

1 


1 

B 

1 

1 

4 


3 

4 

1 


H 

1 

8 

4 

2 


5 

2 

H 

1 



1 

2 

2 

14 

1 

6 

4 

30 

16 

8 

2 

14 

7 


4 

4 

4 

2 

9 

17 

34 

14 

Total Judgments, 

87 





Total Judgments, 

88. 





Correct 

Judgments, 

30, or 

35^0. 


Correct 

Judgments, 34 

, or 

39%. 





JUDGMENTS 







JUDGMENTS 




1 

2 

3 

4 

5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 

N 4 



1 


1 

4 

5 

N 

1 

1 



3 

1 

4 

5 

K 4 

1 

1 

3 

2 

1 

1 


K 

2 


2 

1 

2 

1 


5 

V 1 

3 

3 

7 


2 

2 

11 

V 




1 

1 

1 

3 

22 

B 2 

2 



2 

4 



B 

1 

3 

2 

2 

1 

2 

3 


H 

1 

4 

8 

2 

1 

4 

3 

H 

1 

1 


2 

1 


10 

6 

11 

7 

8 

19 

6 

9 

11 

19 


5 

5 

4 

6 

8 

5 

20 

38 

Total Judgments, 

90. 





Total Judgments, 

91. 





Correct Judgments, 

19, or 

219??. 


Correct 

Judgments, 38 

1 or 

42%. 
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, TABLE VI 

Judgments for Different Positions on the Billboard 
Middle Level 

Fixation Point Center of Screen 


JUDGMENTS 


JUDGMENTS 


Total Judgments, 113. 

Correct Judgments, 90, or 80%. 


1 12 4 

18 4 

1 13 1 

2 80 17 


Total Judgments, 119. 

Correct Judgments, 80, or 67%. 


JUDGMENTS 


JUDGMENTS 


Total Judgments, 112. 
Correct Judgments, 98, or 


9 79 10 6 


Total Judgments, 114. 

Correct Judgments, 79, or 70%. 


JUDGMENTS 


JUDGMENTS 


Total Judgments, 108. 

Correct Judgments, 97, or 90%. 


Total Judgments, 108. 

Correct Judgments, 95, or 88%. 


JUDGMENTS 


JUDGMENTS 


Total Judgments, 121. 
Correct Judgments, 104, or 


Total Judgments, 105. 

Correct Judgments, 92, or 88%. 
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It is of iutt‘rt‘st to iioto tluit tli«* first tlu'**i* positions full iu 
the iuiiuediuto aroji of tiu* fixati<ui p(ont. two ot whioh nrt‘ ou 
the left half and oiu‘ on the rijrht half of tin* sorom. Tin* two 
lowest positions. No. S atid No. 4. havo a *:roat<T attoiition value 
than the two at the top. No. I aiul No. and rank ahead of 
No. 6 whieh is neartu* the fixation point. Thest* results are iu 
aj^reement with tluwe of the first part of the experiment where 
a fixation point was n<it use<i. 

The attention valut‘s ftu* positions oii th** tipper sereen (see 
Table VI 1) are: 

Poatieii Name 

Highest Value ^ 

I 

s 


Low<*st Value I 

Tin* first tliree p<isituins fall within the luwer half of the 
sereiui, and in the area nearest the fixatum pomt. 

Tile results estahlish the faet that the a^eriie'e of mt*orreet 
ju(lj^nit‘nts in tlie upper and lower M*ret !i» were m the positions 
fartlu^st from tin* fixati<m point ami lueated in the peri(»heral 
n*gion of the retina. 

The averag;e pen*enta*jre of eorreet jud^om nt s f«.r pf eat inns on 
the tliree screens is, for the lower, fV p* r e» nt . ft»r the middle, 
82 per cent ; ami for the upper. Ms per emt, 

From this part of the i*\periment, we ma,v infer that the 
judgments on tht* lower Mu-een are Hi p* r emt HMU'e favorable 
for aeeuraey than the positions on th*- upp* r seis-m , and that 
tint middit* siux'en is 2(i ja-r ei-nt more aeeurat* tloui tlir lower 
and 45 per eent more than the upper vt* .-n 

( -oiuparing the values <»t the mnidh* .ej-rt u enntanunvf the 
fi.xation point with the sarm* area deserihe.l m t*arf ! wdliout 
the fixation point, wi* find a greater p.‘re* ntace of eorreet judg 
ments for <•aeh half with the fixation pomt, due pooihlv to the 
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TABLE VII 

Judgments for Different Positions on the Billboard 
Upper Level 

Fixation Point 78 Cm. Below 


JUDGMENTS 


JUDGMENTS 



1 

2 

3 

4 

5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 

p 

4 

3 

1 

2 


3 

2 

5 

P 


7 

1 

1 

4 

10 

2 

2 

K 

4 

3 

2 

5 

1 

2 



K 


2 

1 

4 

3 

1 

4 

1 

N 

2 

1 


2 



1 

2 

N 




1 

6 


1 

2 

B 

3 

3 

4 

4 

2 


3 

5 

B 

9 

4 

3 


2 

1 

5 


V 

2 

3 

1 

1 

2 

1 

2 

11 

V 

7 

3 


2 

6 



11 

H 

2 


1 



1 

1 

2 

H 

1 

1 




2 

3 



17 

13 

9 

14 

5 

7 

9 

25 


17 

17 

5 

8 

21 

14 

15 

16 

Total Judgments, 

99. 





Total Judgments, 

113. 




Correct 

Judgments, 17 

, or 

17%. 


Correct 

Judgments, 

21, or 19%. 





JUDGMENTS 







JUDGMENTS 





1 

2 

3 

4 

5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 

P 

1 

18 


1 

1 

1 



P 

1 


1 


3 

12 

5 


K 

2 

4 


4 

2 



3 

K 


2 

2 

4 

1 

3 

1 

4 

N 

1 

4 

1 





1 

N 



1 

1 

1 

3 


1 

B 

7 

3 

3 

5 

3 

2 

1 

2 

B 

6 

3 

3 


3 

7 

2 

2 

V 

1 

6 

5 

4 

2 

2 

1 

4 

V 


1 

2 

3 

2 

4 

5 

10 

H 

1 

2 

3 






H 






4 

1 



13 

37 

12 

14 

8 

5 

2 

10 


7 

6 

9 

8 

10 

33 

14 

17 


Total Judgments, 101. 

Correct Judgments, 37, or 37%. 


Total Judgments, 104. 

Correct Judgments, 33, or 32%. 


JUDGMENTS 


JUDGMENTS 



1 

2 

3 

4 5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 

P 


1 

15 

1 


1 


P 



1 

1 


5 

11 

4 

K 

1 

1 

9 

1 



4 

K 

1 

1 

2 

2 

1 

3 

5 

2 

N 


2 

6 

1 


1 


N 





1 

2 

2 

2 

B 

2 

1 

5 

4 3 

2 

3 

2 

B 

3 

7 

2 

1 

2 

2 

3 

1 

V 

3 

6 

13 

2 

2 


2 

V 

1 

3 

1 

4 


1 

10 

2 

H 



6 





H 






2 

8 



6 

11 

54 

9 3 

4 

5 

8 


5 

11 

6 

8 

4 

15 

39 

11 

Total Judgments, 

100. 




Total Judgments, 

99. 





Correct 

Judgments, 54, or 

54%. 


Correct Judgments, 39, 

, or 40%. 





JUDGMENTS 







JUDGMENTS 





1 

2 

3 

4 5 

6 

7 

8 


1 

2 

3 

4 

5 

6 

7 

8 

P 


3 

3 

18 

1 


2 

P 




1 



1 

17 

K 

1 

2 

2 

11 




K 




1 

1 


5 

9 

N 




7 



1 

N 

2 



2 

1 



3 

B 

1 

4 

3 

5 2 

3 

2 

1 

B 

1 

3 

3 

1 

2 

5 

2 

8 

V 

1 

4 

3 

10 4 


2 

3 

V 



2 


1 



17 

H 

1 


1 

5 




H 

2 






3 

2 


4 

13 

12 

56 6 

4 

4 

7 


5 

3 

5 

5 

5 

5 

11 

56 


Total Judgments, 106. 

Correct Judgments, 56, or 53%. 


Total Judgments, 95. 

Correct Judgments, 56, or 59%. 


8 
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TABLE VIII 

Recapitulation of Various Levels 



Correct 

1st 

Screen Levels 

Judgment 

Snl3stitute 

Lower 

67% 

5 

Middle 

80% 

2 

Upper 

17% 

8 



Correct 

1st 

Screen Levels 

Judgment 

Suljstitute 

Lower 

70% 

3 

Middle 

88% 

1 

Upper 

37% 

1 


Correct 

1st 

Screen Levels 

Judgment 

Substitute 

Lower 

35% 

4 

Middle 

90% 

7 

Upper 

54% 

2 


Correct 

1st 

Screen Levels 

Judgment 

Substitute 

Lower 

21% 

8 

Middle 

86% 

3 

Upper 

53% 

3 



Correct 

1st 

Screen Levels 

Judgment 

Substitute 

Lower 

69% 

6 

Middle 

67% 

6 

Upper 

19% 

1 


Screen Levels 

Correct 

Judgment 

1st 

Substitute 

Lower 

36% 

5 

Middle 

70% 

5 

Upper 

32% 

8 

Screen Levels 

Correct 

Judgment 

1st 

Substitute 

Lower 

39% 

6 

Middle 

88% 

6 

Upper 

40% 

6 

Screen Levels 

Correct 

Judgment 

1st 

Substitute 

Lower 

42% 

7 

Middle 

88% 

7 

Upper 

59% 

7 
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effect of practice, but more especially to the presence of a fix- 
ation point. The presence of the fixation point probably ac- 
counts also for the smaller difference between the number of 
correct judgments for the upper and the number for the lower 
half of the screen. 

The results further imply a greater attention value for the 
lower half of the field. 

Section 3: Experiments With Fixation Point Giving a Position of 
THE Eye at or Above Its Primary Position 

The following experiments were conducted with and without 
a fixation point in each screen-position. 

Because of the practical conditions in the field of advertis- 
ing,^ only the upper and middle screen levels of Part II were 
used in this part of the experiment. Otherwise the same pro- 
cedure was followed as in the second part of the experiment. 

The accompanying Tables (Nos. IX and X) will give an 
indication of the attention value of the different positions on 
the upper and middle screens when a fixation point is and is 
not present. 

For the upper screen the attention values follow: 


With fixation point 


Without fixation point 

Position Number 


Position Number 

3 

Highest Value 

8 

3 


3 

2 


2 

4 


1 

1 


4 

7 


7 

6 


6 

5 

Lowest Value 

5 


It is worthy of notice that the attention values of half the 
positions with and without the fixation point have exactly the 
same rank, and that there is simply a reversal of order for the 

2 Billboards consist of 2 “decks” — ^the lower on a level with the eye, 
and Tipper, superposed, averaging 10 feet above the street. 
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TABLE IX 



Judgments for Different Positions on the Billboard 







Upper Level 









Fixation 

Point 

in Center of Screen 






JUDGMENTS 







JUDGMENTS 




1 

2 

3 4 5 

6 

7 

8 


1 

2 

3 

4 5 

6 

7 

8 

B 6 

2 

2 5 

1 

3 


B 

3 

1. 

1 

2 4 

6 


2 

F 19 

1 

3 

1 

1 

1 

F 



1 

12 

2 

8 

1 

H 20 



1 



H 




17 

6 

7 


K 16 

1 

1 

2 

2 


K 

2 

4 

3 

9 



1 

N 6 

1 

1 

1 



N 

2 

2 

1 

2 1 

1 


1 

V 18 


2 

1 



V 


2 


11 

5 

1 

1 

85 

5 

2 12 

7 

6 

1 


7 

9 

6 

4 54 

20 

16 

6 

Total Judgments, 118. 




Total Judgments, 

124. 




Correct 

Judgments, 85, or 

72%. 


Correct 

Judgments, 54, or 44%. 




JUDGMENTS 







JUDGMENTS 




1 

2 

3 4 5 

6 

7 

8 


1 

2 

3 

4 5 

6 

7 

8 

B 2 

10 

3 1 

1 

3 


B 


3 

3 

2 

5 

1 

1 

F 

15 

1 

1 

1 

1 

F 



1 

4 

14 

3 


H 

25 





H 




1 

15 

4 


K 2 

19 

3 

1 



K 


3 


2 2 

15 



N 

8 

1 




N 

1 

1 

1 

4 

1 

1 


V 

19 


3 

1 


V 

2 

1 


3 

12 


1 

4 

96 

6 12 

6 

5 

1 


3 

8 

5 

3 15 

62 

9 

2 

Total Judgments, 121. 




Total Judgments, 

107. 




Correct 

Judgments, 96, or 

80%. 


Correct 

Judgments, 62, oi 

• 58%. 




JUDGMENTS 







JUDGMENTS 




1 

2 

3 4 5 

6 

7 

8 


1 

2 

3 

4 5 

6 

7 

8 

B 2 

2 

13 




B 

2 

1 

1 

4 

2 

8 

1 

F 

1 

23 




F 




2 

2 

14 

2 

H 


19 


1 


H 

1 


1 

1 


15 


K 1 


16 

1 


1 

K 

1 


2 


1 

19 


N 


10 




N 




1 

3 

5 


V 2 


17 

1 



V 

1 



1 

3 

14 


5 

3 

98 

2 

1 

1 


5 

1 

4 

9 

11 

75 

3 

Total Judgments, 110. 




Total Judgments, 

108. 




Correct 

Judgments, 98, or 

89%. 


Correct 

Judgments, 75, oi 

• 70%. 




JUDGMENTS 







JUDGMENTS 




1 

2 

3 4 5 

6 

7 

8 


1 

2 

3 

4 5 

6 

7 

8 

B 2 

3 

2 3 3 

2 

3 


B 

1 

1 

1 

3 

2 

2 

10 

F 


21 1 




F 




1 


1 

18 

H 


21 


1 


H 






2 

20 

K 

1 

2 19 




K 







21 

N 1 


8 




N 




2 



5 

V 

1 

21 1 


1 


V 



1 


2 


16 

3 

5 

4 93 5 

2 

5 



1 

1 

2 

1 5 

4 

5 

90 

Total Judgments, 117. 




Total Judgments, 

109. 




Correct 

Judgments, 93, or 

80%. 


Correct 

Judgments, 90, or 

83%. 
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TABLE X 

Judgments for Different Positions on the Billboard 
Upper Level 
No Fixation Point 

JUDGMENTS JUDGMENTS 

12345678 12345678 

B7121332 B42126311 

F 12 2 512 Ell 28363 

1H19 1 31 H 17 43 e 

•‘■£ 15 2 2 2 K22 28123^ 

N82 1 Nlll 3 12 

V13 1 153 V411 7342 

74 9 2 2 18 9 6 12 7 3 6 49 14 17 11 

Total Judgments, 120. Total Judgments, 119. 

Correct Judgments, 74, or 62%. Correct Judgments, 49, or 41%. 


JUDGMENTS 



1 

2 

3 

4 

5 

6 

7 

8 

B 

2 

7 

1 


1 

3 

2 

5 

P 

1 

14 

1 



2 

1 

2 

H 


23 







K 

5 

9 

1 



1 

2 


N 


8 



1 

1 



Y 

2 

18 


1 

3 



1 


10 

79 

3 

1 

5 

7 

5 

8 


Total Judgments, 118. 

Correct Judgments, 79, or 67%. 


JUDGMENTS 



1 

2 

3 

4 

5 

6 

7 

8 

B 


1 

14 

1 

1 


3 

1 

P 



21 



1 



H 


4 

16 

1 


1 

1 

1 

K 


2 

14 

1 



1 

1 

N 



14 

1 





Y 


1 

18 

1 

1 

1 





8 

97 

5 

2 

3 

5 

3 


Total Judgments, 123. 

Correct Judgments, 97, or 80%. 


JUDGMENTS 

12345678 
B321 3721 

P 1 3 1 4 13 1 

H 3 17 4 

K123 2 12 2^ 

N 6 6 11 

Y 1 2 3 11 3 2 

5 5 9 1 21 66 11 6 

Total Judgments, 124. 

Correct Judgments, 66, or 53%. 

JUDGMENTS 

12345678 
B32112261 
F 111 3 15 2 

H 1 I2315I17 

Kl 311 15 1* 

N 1 117 

V 2 1 2 2 10 2 

4 4 8 5 8 11 68 7 

Total Judgments, 115. 

Correct Judgments, 68, or 59%. 


JUDGMENTS 

12345678 
B 4 3 4 3 4 2 

F 1 1 1 14 

AH 20 1 11 

3 11 1212 
N 116 2 1 1 

Y 2 2 16 1 

779 70 8444 

Total Judgments, 113. 

Correct Judgments, 70, or 62%. 


JUDGMENTS 

12345678 
B 1 3 4 1 1 11 

P 1 2 19 

H 1 2 21 ft 

K 11 1 17 ® 

N 1 12 

Y 1 1 2 19 

132453 6 99 

Total Judgments, 123. 

Correct Judgments, 99, or 80%. 
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other positions. The first two fall within the lower half of the 
screen, closer to the primary position of the eyes, and show by 
a greater percentage of correct judgments, when the fixation 
point is displayed, that this added element (the fixation point) 
has a real attention value. 

This latter fact is established for the other positions on the 
screen as well, but we find no constant ratio between the per- 
centage of correct judgments when the fixation point is present 
and when absent. In one position (No. 8) the difference in per 
cent is only 3 per cent, in another case (No. 4) it is 18 per cent. 
In the experiments with fixation, only two of the first five 
positions fall within the immediate vicinity of the fixation point, 
and of the first five in rank, four fall on the left side of the 
screen. 

The average correct judgments for the three systems in Part 
I give the four highest position values for the lower half of the 
screen. The preferred positions for the top screen in this part 
of the experiment are in the upper half. The results prove that 
the relation of the screen to the primary position of regard is 
of importance. . 

The attention value of positions on the middle screen follows 
(see also Tables XI and XII) : 


Witti fixation point 


Without fixation point 

Position Number 


Position Number 

3 

Highest Value 

2 

. 2 


1 

7 


3 

8 


7 

4 


4 

1 


6 

6 


8 

5 

Lowest Value 

5 


Unlike the upper screen, this level shows a greater diversity 
in the rank of positions with and without the fixation point. 
When the fixation point is present, the first three positions fall 
within its immediate vicinity; without fixation, two fall in the 
same region. Consistent with the results with the upper screen. 
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TABLE XI 

Judgments for Different Positions on the Billboard 
Middle Level 

Fixation Point in Center of Screen 


JUDGMEOTS 


JUDGMENTS 


Total Judgments, 113. 

Correct Judgments, 90, or 80^. 


B 1 1 12 4 2 

K 1 1 18 4 

V 2 1 13 1 

2 6 1 2 80 17 6 

Total Judgments, 119. 

Correct Judgments, 80, or 67%- 


JUDGMENTS 


6 7 8 


JUDGMENTS 

12345678 


N 2 9 

E 23 
B 3 14 


Total Judgments, 112. 

Correct Judgments, 98, or 88%. 


2 16 
9 79 10 


Total Judgments, 114. 

Correct Judgments, 79, or 70%. 


JUDGMENTS 
2 3 4 5 

15 


JUDGMENTS 


V 17 11 

2 97 3 2 4 

Total Judgments, 108. 

Correct Judgments, 97, or 90%. 


Total Judgments, 108. 

Correct Judgments, 95, or 88%. 


JUDGMENTS 


JUDGMENTS 


1 2 
H 
N 
E 

B 1 1 


Total Judgments, 120. 

Correct Judgments, 104, or 86%. 


Total Judgments, 105. 

Correct Judgments, 92, or 88%. 
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TABLE XII 

Judgments for Different Positions on the Billboard 
Middle Level 
No Fixation Point 




JUDGMENTS 



1 

2 

3 

4 5 

6 7 

8 

B 18 



1 2 



21 

1 


1 



H 11 



1 



K 18 



1 2 



N 8 

1 

1 

1 



V 15 



2 

2 

2 

91 

2 

1 

3 S 

2 

2 

Total Judgments, 

109. 



Correct 

Judgments, 91, or 

84%. 



JUDGMENTS 



1 

2 

3 

4 5 

6 

7 

8 

B 

3 



14 


3 

2 

F 




13 

3 

3 

3 

H 




10 

1 



X 

3 



14 


3 

2 

N 

1 

1 

2 

6 



1 

V 

5 

2 

1 

7 

1 

2 



12 

3 

3 

64 

5 

11 

8 


Total Judgments, 106. 

Correct Judgments, 64, or 60%. 


JUDGMENTS 



1 

2 

3 

4 

5 

6 

7 

8 

B 

1 

20 




1 

1 


F 


21 



1 

1 

1 


H 


11 







K 

1 

20 




1 

1 


N 


11 






1 

V 

2 

13 

1 


1 

1 

2 

1 


4 

96 

1 


2 

4 

5 

2 


Total Judgments, 114. 

Correct Judgments, 96, or 84%. 


JUDGMENTS 



1 

2 

3 4 

5 

6 

B 

1 

3 

14 

1 


F 



24 

1 


H 



11 



K 

1 

3 

14 

1 


N 

1 


10 


1 

V 

2 

2 

13 

1 

3 


5 

8 

86 

4 

4 


Total Judgments, 107. 

Correct Judgments, 86, or 80%. 


JUDGMENTS 


1 

2 

3 

4 

5 

6 

7 

8 

B 

1 

3 

15 

1 



1 

F 

1 

2 

18 

1 


1 


H 



10 

1 




K 

1 

3 

15 

1 



1 

N 

1 

1 

5 



2 


V 


2 

14 



1 

3 


4 

11 

77 

4 


4 

5 


Total Judgments, 105. 

Correct Judgments, 77, or 73%. 




JUDGMENTS 




1 

2 

3 

4 

5 

6 

7 

8 

B 

1 


1 

2 

13 


1 

F 


1 


2 

20 

1 


H 





12 

1 


K 

1 


1 

2 

13 


1 

N 2 




2 

7 

1 


V 3 




4 

15 


2 

5 

2 

1 

2 

12 

80 

3 

4 

Total Judgments, 

109. 






Correct Judgments, 80, or 73%. 


JUDGMENTS 


12 3 

4 5 

6 

7 

8 

B 1 


2 

17 

2 

F 

1 

3 

19 


H 



12 


K 1 


2 

17 

2 

N 

2 


9 

1 

VI 1 

2 2 


16 

2 

1 3 

5 2 

7 

90 

7 

Total Judgments, 

115. 




Correct Judgments, 90, or 

00 


JUDGMENTS 




12 3 

4 5 

6 

7 

8 

B 

2 2 


1 

18 

P 



1 

25 

H 




11 

K 

2 2 


1 

18 

N 


1 

4 

8 

V 1 

1 4 

1 

2 

9 

1 

5 8 

2 

9 

89 


Total Judgments, 114. 

Correct Judgments, 89, or 70%. 



1916] Levy: Experiments on Atte^iti&n md Memory 181 

a greater percentage of correct judgments for all positions occurs 
when the fixation point is present. 

A comparison between these and the results obtained from 
the upper screen indicates that there is 9 per cent greater accu- 
racy in the correct average judgment of all the positions when 
the fixation point is present than when absent, and a greater 
accuracy of 8 per cent in the case of the middle screen under 
like conditions. 


Screen levels 

Fixation Point 

Average No. Correct 

Advantage of observation 
with fixation over those 

Upper 

With 

72% 

without fixation point 


Without 

63% 

9% 

Middle 

With 

83% 



Without 

75% 

8% 


The difference in judgment value for the upper half and 
lower half of each screen level with and without the fixation 
point gives evidence of a greater influence of the fixation point 
in the low marginal positions. 

The left half and the lower half of the board, respectively, 
show greater attention value than the right half and the upper 
area of the board. 

A greater attention results from the presence of a fixation 
point, and the interest centered within its vicinity acts against 
the tendency of the attention downward. 

The same general tendencies hold for the upper-deck bill- 
boards. From the ordinary point of view the lower-deck boards 
have the advantage of a greater attention value. 

As regards accuracy, the middle screen has a greater advant- 
age over the upper screen than it has over that on the lower 
level. 
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TABLE XIII 

Recapitulatioriy Upper and, Middle Levels 



JUDGMENTS 



JUDGMENTS 


Screen 

Eix. pt. 

Correct 

1st sub. 

Screen 

Fix. pt. 

Correct 

1st sub. 

Upper 

With 

72% 

5 

Upper 

With 

44% 

6 


Without 

62% 

5 


Without 

41% 

7 

Middle 

With 

80% 

5 

Middle 

With 

67% 

6 


Without 

84% 

5 


Without 

60% 

1 



JUDGMENTS 



JUDGMENTS 


Screen 

Fix. pt. 

Correct 

1st sub. 

Screen 

Fix. pt. 

Correct 

1st sub. 

Upper 

With 

80% 

6 

Upper 

With 

68% 

5 


Without 

67% 

1 


Without 

63% 

5 

Middle 

With 

88% 

1 

Middle 

With 

70% 

6 


Without 

84% 

5 


Without 

73% 

5 



JUDGMENTS 



JUDGMENTS 


Screen 

Fix. pt. 

Correct 

1st sub. 

Screen 

Fix. pt. 

Correct 

1st sub. 

Upper 

With 

89% 

1 

Upper 

With 

70% 

6 


Without 

80% 

2 


Without 

69% 

6 

Middle 

With 

90% 

7 

Middle 

With 

88% 

6 


Without 

80% 

2 


Without 

78% 

6 



JUDGMENTS 



JUDGMENTS 


Screen 

Fix. pt. 

Correct 

1st sub. 

Screen 

Fix. pt. 

Correct 

1st sub. 

Upper 

With 

80% 

2 

Upper 

With 

83% 

7 


Without 

62% 

3 


Without 

80% 

7 

Middle , 

With 

86% 

3 

Middle 

With 

88% 

7 


Without 

73% 

1 


Without 

70% 

7 
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Dihkction op Kbkohs 

The following tuble (No. XIV) gives the comparative 

TAUUO XIV 
Tiihle ()/ Krror-TendenoivH 


Method 


HrraneouH 

Judgments 



Toivard 

Toward 




the 

the 

Downward 

upward 


Left 

Hight 


C'luuica ordar 


r>7* /' 

47% 

52% 

Section 1— 1 -5 n 4 syat. 


nvv 

52% 

4H<;^ 

14.* L* l syst. 

47*‘,<» 


404* 

004 

S(*ctlou 2- Upper saraan 


50% 

01% 

204* 

Middle sansai 



5H% 

42ri 

Ijowar s<* ratal 


on4i 

4(n;. 

004* 

Sactiou 3 - Uppar scraau 





(Fixation) 

Uppar san*<*u 


024' 

524 

47', 4 

(No FixatloiU 
.Middle saraan 

404 

00*4' 

52% 

48% 

(Fixation) 
Mlddla sart‘an 

244 



40('; 

(No Fixation) 

4<n;J 

(504 


444 


str(*n^tli of th(* various toiulrni'irs shown in thr orroiuMUis 
nnuits to inov<‘ toward tho loft ninl toward tin* ri^d, nn<l U[>- 
ward, and d<uvnwurd from tin* p<»sition o{'(‘Upir<i by tin? stinm- 
Ins, and oonstviuruily frorti tho **positioti'’ of tha <'ornM’t judji!:« 
tuanls. 

An illustration of tin* mathod of aompututiou wdll maka this 
alaur<*r. 

ConsidariuK tin* laft and right half of tlia saraan in tha 
‘'(dianaa-nrdar” imdlnal, whan tha blank npp«*ars in position 
No. 1 (with ona hundnsl and twanty two aorraat judgmants)*’ 
wa find forty-four arronaous rafar(‘n<‘t‘s of this stimulus to 
position No. 2, aight to [losition No. 2, n'inl nina to p<mition No. 
4, totaling sixty-ona falsa rt»faranai*.s tlownvvard. Again, tln*ra 
appoar fiftydour arronaous raf(*rt*nai*s to fjosition No. 5, thirty- 
aight to position No, b, forty-four to p<»sition No. 7, ninataan to 
p<Ksition No. H, totaling <ma hun<lra<l fiftydiva falsa rafar- 

•'» Sa<* Tul)la t, p. HHI. 



184: University of California Publications in Psychology C^ol. 2 


ences to the right. Continuing this method for all positions 
(one to eight), we find the grand total of five hundred 
ninety-five erroneous references to the left half of the screen, 
when the stimulus was actually on the right; and seven hun- 
dred eighty-seven to the right half of the screen, when the 
stimulus was actually on the left, or forty-three per cent falsely 
directed to the left half, and fifty-seven per cent to the right 
half. 

Applying a similar method to the consideration of the errone- 
ous references to positions above or below that of the actual 
stimulus on the screen, with the chance-order'' method as be- 
fore, we find regarding position No. 1 (eliminating positions 1 
and 5) that there are one hundred sixty-two erroneous 
judgments with a downward tendency; in position No. 2 there 
is an upward tendency (including positions 1 and 5) of seventy- 
four erroneous judgments, and a downward tendency (positions 
3, 4, 7, 8) of seventy-three erroneous judgments. Continuing 
for all positions (1 to 8) there is a grand total of six hundred 
eleven erroneous judgments with an upward tendency and 
five hundred thirty-one with a downward tendency, or 
forty-seven per cent in favor of the downward and fifty-three 
per cent for the upward ; and so for all the other methods. 

As between the leftward and rightward direction of false 
references, the greater percentage of such references is toward 
the right side, through all the methods. 

In regard to the upward and downward directions, the 
tendency for ‘^substitution" is upward with the chance-order 
and the 1-2-2-1 system, and downward for the 1-5-5-1 order. 

In the second section of the experiment, there is a downward 
direction in substitution for the upper and middle screen. With 
the lower screen the tendency is upward. 

In the third section of the experiment, there is also a strong 
downward tendency for those same positions which, in Section 
2, called forth a downward tendency. On the whole, then, the 
direction of false reference is downward and toward the right, 
with the rightward trend stronger than the downward. 
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The writer cannot account for these tendencies on any 
physical basis. The screen was adjusted with reference to the 
primary position of the eye, and the speed of the exposure 
eliminated any muscular movement of the eyes during exposure. 


PART II 

THE VALUE FOE ATTENTION AND FOR MEMORY OF 
CERTAIN VARIATIONS OF FORM, SIZE, AND 
DURATION OF A SEEN OBJECT 

Section 1: The Effect of Geometeic Figures on the Process of 

Eecall 

The experiments here reported were concerned with the 
attention value and memory value of certain factors of form, 
size, and time, with reference to bill-boards. 

The first problem was to determine, experimentally, the im- 
pressiveness and suggestibility of various geometric figures in 
combination with simple advertising phrases, as shown by their 
effect upon the recall of these phrases. 

The first part of the experiment involved a series of ten tests 
once a week, before a class averaging eighty-two women and 
fifty-three men. 

There were used five geometric figures — ^the square, circle, 
triangle, diamond and octagon — ^all of equal area ; and a miscel- 
lany of twenty-five short, simple advertising phrases, each con- 
taining the word ‘‘Brown’s’’. These were classified as food 
products, household, furnishing and wearing apparel; for ex- 
ample — “Brown’s Shoes”, “Brown’s Desks”, “Brown’s Cof- 
fee”, etc. These figures and phrases were arranged upon glass 
slides in such a manner that each phrase was centered within 
the figure employed. The slides were projected upon a screen, 
giving the image an area of 136 sq. cm. for each figure, and a 
height of 14 cm. for the letters and a length averaging 72 cm. 
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for each, word — a size which was amply legible throughout the 
somewhat darkened room. 

The weekly trial consisted of a series of ten displays each 
of two seconds’ duration, with about six seconds’ interval be- 



BROWNS 

STOVES 


Fig. 4 


tween the displays. The period of presentation was controlled 
by a metronome enclosed within a felt box. The intervals be- 
tween displays, about six seconds, were not controlled with pre- 
cision, but were determined by the time required for the re- 
moval and replacing of the slides. A certain rhythm, however, 
jwas practiced so as to- keep the interval fairly constant. 

The start of the experiment was announced by the word 
''ready”, and at the close the class was instructed to write 
down all the phrases remembered, regardless of the order of 
presentation. One minute was allowed for this recall, a length 
of time which, it was found, imposed little or no restraint upon 
the subjects. 

The entire experiment consisted of ten series. Each series 
contained ten different phrases, and during the course of the 
entire experiment each phrase appeared in four different posi- 
tions in the series. Each figure appeared twice in every series, 
and twice in the same position in the series during the ten trials. 

Each series was, for purpose of computation, divided into 
halves, the first half consisting of the first five members of the 
series, and the second consisting of the second five. During the 
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course of the tou tests, each i)hrase appeared twice in each half, 
and each fij^ure appeared twice in each of the ten sei’ial posi- 
tions. Thus “Brown’s Cocoa” appeared in positions No. 1 and 
No. 4 ill the first halt, and as No. 7 and No. 10 in the second 


TABLE XV 


Number of Rrealls icith Difference of Position^ Order, and of Figure, 




for 

Fithei 

r iSex, 

, and 

for 

Doth 

Combined 



Position 

Figure 

Figure 

Figure 

Figure 

Figu7'e 

Total 

No, 

In iSeries 

A 

o 

□ 

o 

< 

> 



w 

M 

W 

M 

W 

M 

W 

M 

W 

M 

W M 

1 

106 

Uto 

158 

101 

ICO 

101 

150 

111 

153 

101 

787 514 












1301 

•> 

1G6 

07 

163 

06 

152 

88 

154 

T03 

152 

107 

777 401 












1268 

:5 

145 

07 

157 

108 

154 

00 

1G4 

90 

150 

04 

770 407 












1276 

4 

i:J7 

05 

145 

08 

155 

101 

137 

92 

151 

01 

725 477 












1202 

r> 

145 

02 

ir.il 

04 

135 

85 

127 

76 

134 

03 

700 440 












1140 

<) 

155 

00 

135 

85 

1G3 

06 

157 

102 

135 

70 

745 452 












1197 

7 

150 

02 

114 

73 

122 

88 

125 

60 

132 

85 

643 407 












1050 

s 

MO 

73 

132 

85 

154 

00 

126 

77 

124 

74 

676 399 












1075 

9 


S2 

127 

75 

108 

75 

130 

88 

143 

88 

650 408 












1058 

10 

lao 

66 

128 

82 

113 

73 

132 

76 

122 

81 

626 378 


1457 

SH4 

1418 

807 

1416 

806 

1411 

803 

1405 

893 

1003 

Total 

25* 

n 

2315 

2312 

2304 

2208 
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half ; the square appeared twice in position No. 1, twice in No. 
2, No. 3, No. 4, etc. According to this system, each figure and 
phrase had the same local advantage an equal number of times. 

Table XV gives the distribution of the recalls as affected 
(1) by the figure enclosing the phrase, and (2) by the position 
of the phrase in the series. The values of the figures, as de- 
termined by the number of correct recalls, take the following 
rank : triangle, octagon, square, circle, and diamond. However, 
the difference in their relative value is very slight. 




Fig. 5 

Influence of Position in Series Upon Probability of Recall 

The influence of position in the series may likewise be seen. 
Position 1 has the highest number of recalled words ; position 10 
the least number ; with a somewhat irregular decline in memory 
value for the intermediate positions. It is surprising to find 
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that the last of the series, whicli might be expected to show 
some effect of its prominence, has so little attention value. 
Dividing the series into halves (sec Table XVI), the total 


TABLE XVI 

Influvnce of Place in the iSeries 




W 

M 

W 

M 

W 

M 

W 

M 

W 

M 

W M 

1st 

half. — 

.... 749 

481 

782 

497 

766 

474 

732 

481 

749 

486 

3768 2419 













6187 

2n<i 

half 

.... 708 

403 

636 

400 

660 

422 

679 

412 

666 

407 

3339 2044 













6383 


recall of the first half (positions 1- 5) shows an advantage of 6 
per cent over that of the second half (positions 6-10). With 
the different geom<‘tric forms, this difference in the value of the 
halves varies from 4 per cent to 10 per c(mt in favor of the first. 

From intr<)sp(H‘tiv(^ t^vidence furnislUHl by the subjects, it 
appears that th(u*e is ai w(^ll-marked ttuahmey to divide the 
series into lialves and to rec^nll the phrases of the second half 
first, *Vfor fear of forgetting them^\ as they had more confi- 
dence in the first lialf. The first half gave an opportunity for 


Test No. 1 
2 
a 

4 

5 
i] 
7 
H 
U 

10 


TABLV: XV ll 


Influence of Practice 


Women 


Men 


Average number 

M.V. 

Average number 

M.V. 

recallecl 


recalled 


8. 

.9 

7.6 

1.1 

8,7 

.9 

8.2 

1. 

8,4 

1. 

8.1 

1.2 

8,6 

1.2 

8.6 

.94 

8.8 

,98 

8.6 

1. 

8.6 

.9 

8.2 

.85 

9. 

.79 

8.6 

1. 

9. 

.76 

8.4 

1.1 

9.4 

.72 

9. 

.9 

8.6 

1.1 

8.6 

1.1 

8.69 

.92 

8.36 

1.02 


Avf^nige 
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a review of the phrases during the intervals between exposures 
and they were possibly associated as a group. During the sec- 
ond half the recall was more of the disconnected phrases. There 
appeared to be a ‘‘break’’ at the middle of the series, where- 
upon many of the subjects attempted to employ greater atten- 
tive force. The increase in the value of position No. 6 in the 
series would perhaps be evidence of this. 

The influence of practice during the ten trials is shown in 
Table XVII. For the entire series, the women have a higher 
average of recall, and a lower average deviation. 

TABLE XVIII 


Number of Persons Recalling All Ten Phrases 



Women 

Per Cent 

Men 

Per Cent 

Test No. 1 

10 

12 

2 

4 

2 

18 

22 

8 

15 

3 

10 

12 

9 

17 

4 

23 

28 

13 

24 

5 

29 

35 

13 

24 

6 

22 

26 

5 

9 

7 

33 

40 

17 

32 

8 

29 

35 

13 

24 ' 

9 

54 

65 

5 

9 

10 

20 

24 

16 

30 

Average 

24.8 

2.99 

10.1 

18.8 


Section 2: The Influence of the Duration of the Exposure 

In this section of the experiment, consisting of four trials, 
each with a series of ten phrases as before, the time-factor was 
varied, i. e., the period of exposure on the screen was at times 
two seconds, and at times four seconds,* the interval between 
exposures remaining constant at about six seconds as before. 
Each length of display was introduced in the series an equal 
number of times during the trials. In this part of the experi- 
ment the geometric figures were omitted; the influence of time 
as an attention factor was alone considered. 

In Table XIX we observe that the relative value of the 
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fik. « 

InlUu'iuu' of i*ra<Mico TiiulH upon NumbtT of WorclH Ilocallod 
Solid Llius Mon; Dotted Line, Wom<‘u 


TAIILK XIX 


Time Feature 


Po«ltlon 

Two SecondH 

Four Seconds 

Total 

1 

279 

272 

662 

2 

276 

270 

545 

2 

262 

274 

637 

4 

254 

265 

619 

5 

226 

248 

484 

6 

250 

247 

497 

7 

226 

232 

468 

H 

251 

248 

499 

9 

228 

242 

470 

10 

190 

200 

390 


2462 


2499 


4961 
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TABLE XX 


Influence of Position in the Series 



Two Seconds 

Pour Seconds 

Total 

First half 

1307 

1330 

2637 

Second half 

1155 

1169 

2324 


2462 

2499 

4961 


TABLE XXI 


Nuniber of Persons Recalling All Ten Phrases 



Women 



Men 


Trial 

No. 

Per cent. 

Trial 

No. 

Per cent. 

1 

19 

23 

1 

6 

11 

2 

26 

31 

2 

15 

30 

3 

35 

42 

3 

19 

36 

4 

45 

55 

4 

14 

26 

Average 

31 

37 


13 

24 


TABLE XXII 

Practice Influence 
Two seconds 


Women Men 


Trial 

Average 

Trial 

Average 

1 

4.5 

1 

4.1 

2 

4.1 

2 

4.0 

3 

4.5 

. 3 

4.3 

4 

4.6 

4 

4.4 

Average 

4.4 


4.2 

Percentage gain 2.2%. 

Percentage gain 7.2%. 



Four seconds 


Women 


Men 

Trial 

Average 

Trial 

Average 

1 

4.0 

1 

3.7 

2 

4.6 

2 

4.6 

3 

4.7 

3 

4.5 

4 

4.6 

4 

4.4 

Average 

4.5 


4.3 


Percentage gain 15.0%. Percentage gain 19.0%. 
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different positions in the series corresponds closely with, the 
results given in the first part of this report. Position 1 has the 
greatest number of recall words, 10 the least, with an irregular 
decline in memory value for the intermediate positions in the 
series. 

From the Table XX it is seen that the first half of the series 
(positions 1 to 5) has an advantage of 6 per cent over that of 
the second half of the series (positions 6 to 10) . This is the 
same as that obtained in the first part of the experiment. 

The number of words recalled for the four-second interval 
for each half is less than 2 per cent greater than for the two- 
second interval. The variations in time of display therefore 
affect the results but little. 

Prom Table XXII we find that the result of practice t*orrt*- 
sponds closely with that of the first section of the experiment, 
except that the women have a more constant record throiighont . 

TABLE XXIII 
B'pace Feature 


Position 

Small 

Large 

Total 

1 

392 

396 

788 

2 

391 

381 

772 

8 

393 

393 

780 

4 

384 

379 

762 

5 

355 

353 

708 

6 

381 

376 

767 

7 

360 

380 

740 

S 

365 

352 

717 

9 

361 

365 

726 

10 

326 

337 

660 


3708 

3712 

74X7 


TABLE 

XXIV 



Influence of Place in Series 



Small 

Large 

Total 

First half 

1915 

1902 

2817 

Second half 

1793 

1810 

2600 
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Section 3: The Influence of the Size of Letters 

In this section of the experiment, consisting of six trials, each 
with a series of ten phrases as above, the space-feature was 


TABLE XXV 


Nuviber of Persons Recalling All Ten Phrases 


Trial 

Women 

No. 

Per cent 

1 

36 

44 

2 

32 

40 

3 

40 

48 

4 

41 

50 

5 

42 

51 

6 

39 

47 


— 

— 

Average 

38 

46 


Trial 

Men 

No. 

Per cent 

1 

21 

40 

2 

20 

37 

3 

23 

43 

4 

26 

50 

5 

33 

62 

6 

19 

36 


— 

— 


24 

45 


TABLE XXVI 
Practice Influence 
Small 


Women Men 


Trial 

Average 

Trial 

Average 

1 

4.5 

1 

4.4 

2 

4.6 

2 

4.6 

3 

4.7 

3 

4.6 

4 

4.6 

4 

4.6 

5 

4.7 

5 

4.8 

6 

4.6 

6 

4.3 

Average 

4.6 

Average 

4.55 

Percentage gain 2.2%. 

Percentage gain • 

-2.3% 



Large 


Women 

Men 


Trial 

Average 

Trial 

Average 

1 

4.6 

1 

4.6 

2 

4.6 

2 

4.3 

3 

4.6 

3 

4.6 

4 

4.7 

4 

4.5 

5 

4.6 

5 

4.4 

6 

4.7 

6 

4.8 

Average 

4.6 

Average 

4.5 


Percentage gain 2.2%. Percentage gain 4.3%. 
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vari(»d by iisin^ two diffortnit-sized letters. Duplicate phrases 
formed with botli sizes of type — one remained the same as 
bi^fore, and the other increased in the ratio of 4 to 2 V 2 . The 
same phrases were used as before. Duration of display was con- 
stant at two seconds, atid the interval averaj^ed about six sec- 
onds. Phrases in each size of letter occupied the same position 
in the series an eciual number of times throug^hout the trials. 
In this part of the experiment, the geometric figures were 
omitted; only the size of letter was considered. 

In Table XXIII we again observe that the relative value of 
tlu^ diifcn'ent positions in the series corresponds closely to that 
found in the first and second section of the experiment; 1 having 
till* great(‘st number of r{‘eall words, and 10 the least number. 
From Table XXI V, we s(‘(* that the first half of the series 
(positions 1 to 5) has an advantage of 2 pm* emit only over that 
of the siH'ond lialf of tlu* s(*ries (positions 6 to 10). As regards 
the influenei^ of the size of the type, there is but the slightest 
indication of any advantage in the larger type. 


SltMMAHY AND CONCLUSIONS Or PaUT II 


Serial l^asition, From the* r(‘Hults of tlie thr(*e different sec- 

tions of this part of the report W(^ may conclude that there is a 
differimt mt*mory valui* for (*Hch position in the series. Position 
1 has the gr(*at<\st numb(*r of recalls, ami position 10 the least; 
the iut<‘rmediat<* positions show an irregular recall value. A 
‘*br(‘ak” appears, dividing the series into two halves, giving 
position () an unexpect(*<l strength. This, however, is not as 
marked in Siadion 2, possibly because the change of the time 
fi^aturi* gavi^ a gri^atm* varicity to the objeidive stimulus. Sec- 
tions 1 and 2 having less interest, there was perhaps a greater 
dt^gree of involuntary attention until the middle of the series 
was riuiched. Position 10, prominently located, has a surpris- 


ingly slight memory advantages , ^ 

Value of the lf(dves,’~Tho. recall value of the first half of 
the* s(*ries compared with that of the second half shows a dif- 
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ference of 6 per cent when there were variations of the form 
and of the time, and 2 per cent when the space factor is intro- 
duced. The influence of practice may have entered here, ren- 
dering the position values less variable. 

Figure Influence, — The small difference in the memory value 
of the different geometric figures may be due either to their 
insufficient variety or to the lack of prominence in the design 
displayed, giving the phrases themselves a greater attention 
value by contrast. We seem justified in the belief that the 
arbitrary combination of the two variables, that of form and 
text, introduced a conflict of ideas rather than an harmonious 
association conducive to memory power. 

Duratmi of Exposure, — The four-seconds duration of display 
has an advantage of less than 2 per cent over the two-seconds 
duration. We may, therefore, conclude that there was an equal 
amount of voluntary attention distributed over each duration 
of exposure, and therefore, there was no marked difference in 
the persistence of the impressions. 

Size Value, — There is less difference in results from the vari- 
ations in space than that of time, indicating a small degree of 
attention-stimulus in the changes of size of letters used. 

Practice Influence, — The number of persons recalling all the 
ten phrases in the first ten trials averaged 36.9; for the next 
four trials the average number of persons is 44; and for the 
succeeding six trials the average number was 62 persons. This 
increase must be attributed to practice, rather than to the manner 
of presentation. 

There was a gradual increase for the number of correct 
recalls for the ten positions during the course of the experiment. 
In the first part of the report there was an average of 115.6 
recalls for the various positions, 124.1 for the second part, and 
123.4 for the third part. The average deviation in the first 
part was 9.1, and the second part 8.1, and the third part 5.4. 
The ratio of the positions became more constant, especially for 
the second half. 

Sex Difference, — Of all the geometric figures the women’s 
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rcKSults were most influenced by the triangle and least by the 
diamond; the men’s results were least for the triangle, and 
most for the octagon. 

While the women had a higher average of words recalled, and 
a lower average of deviation, the men showed far greater im- 
provement from practi(*e. But it must be remembered that 
there was in their ease more opport\iuity for improvement. 

Transmitted June lOUh 
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INTRODrtTIOX 
1. Dkfinition* 

Mirror-writing is characterized by a rt»versal ui* tin* form and 
arrangement of the letters, which appear as if ordinary writing 
were held before a mirror. It iti turn he(M>mes legdhh* and has 
the appearance of ordinary writing, when s<‘en in a mirror. 
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2. Conditions Hitherto Recognized as Favorable to Mirror- 

Writing 

It will be advisable to assemble in the form of a brief resume 
the various conditions under which mirror-writing has been 
observed. It is found as a spontaneous occurrence only in left- 
handed children, or in adults after right-handed paralysis, 
though it can be acquired by anyone after practice.*^ It may be 
deliberately performed as a trick®® or as an amusement.^- The 
ability is not at all rare, and may be possessed by all persons but 
remain unobserved.^ The latent ability to write mirrorwise is 
ordinarily made evident in adults by some lesion suddenly ren- 
dering the right arm useless. But paradoxically, nearly every 
child at a certain period of its development will be found to 
produce spontaneous, fragmentary mirror-writing with the right 
hand.®^ Children whose writing is still forming may be observed 
to make spontaneous fragmentary left-hand reversals, especially 
in the up-and-down turnings of single letters, figures, etc. 
Similar reversals may be seen in the left-hand writing of many 
adults who write usually with the right hand.® Left-handed 
mirror-writing may be a physiological sequela of weakness by 
disease, of weak-mindedness in children, of left-handedness, or 
merely of absent-mindedness in a normal person.®® Occasionally 
it is seen in feeble-minded or left-handed children, or in a 
patient who has had right hemiplegia in early life.^’^ Numerous 
cases have been observed to follow right-sided hemiplegia. It 
has been ranked as first among the manifestations of aphasia^® 
and on the other hand has been supposed to have no very special 
connection with aphasia.® It has been spoken of as a congenital 
tendency, almost a defect, in left-handed children.^- A neurotic 
inheritance may aid in its acquirement; it is met with in some 
forms of mental weakness, and in some conditions of mental 
disorder allied to the hysterical; it is more common among 
women than among men, and is more easily acquired by the 

*Tlie superior figures refer to the List of References, pp. 262-265. 
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more lufflily iu‘i-v<ms lu'ojilo; it may oo(‘ur in oasos of moral 
jxn-voraion ami may lio only tomporary, recnrriufjr vvitli the 
otiu'r symptoms of tin- disordor/'' Sonm mirror-writors belong 
to the elass of learned i<liots, or idiots- Hiivaultt.'' It is more 
eommon among high-grade imbtsdles than among tlu‘ left- 
hunded."'* As a pathologieal eondition. hd’t-hamhxl mirror- 
writing is rather eommon in ehildren with impaired intelli- 
gence, in deaf mutes, the blind, ami in eases of katatonia.“‘ Also 
it has been observed in eases of dementia prae<-ox (under which 
heading katatonia has betm inelmletn."* Sevi're, and as a rule 
ehronie cerebral tliseases, cerebral degem'ration. or feebh‘-mind- 
eduess may eaus«‘ its apitearanee.'''-' It may be, but is probably 
very rarel,v, indicative of nervous disease,'’ and is not in itself 
a sign of mental defect although it is seen in siu'h easi*s.''' Vari- 
ous observers have claimed for it only pathological significance, 
but the majority agree that it is the normal writing for tin* left 
hand. 


;{. A \VoliKIN(i I'lxi'l-ASATION Ol-’ MlKUtUt-WuiTINd 

Iteversed writing is produe<-d when the hand unaccustomed 
to writing produces tin* series (d motions to which th<‘ other 
hand is accustometl (symmetrical accompanying movements). 
Tlui nervous ndations whereby this unusual mode ol (‘xprt'ssion 
is attained lias long been a ((uesfion of interest wherevm' obsiuw- 
ers have noted its occurrence. The diversity of eomlifions which 
may lead to the production of mirror-writing has umloubteilly 
contrilmted in no small part to the confusion which attaches to 
the subject. An indication of the variety of these conditions has 
been given aiiove, ami a notion of the resulting confusion may bo 
obtained from the hypotheses of the various authors, to follow on 
pp. 204 ff. Although the explanation of mirror-writing is a sub- 
ject of controversy, it is generally admitted that the one hand, or 
more generall.y the entire side of the hod.v, <ir an.v part thereol, 
acquires skill from the practice of the opposite part. Thus, if 
certain groups of muscles ami nerv<‘s on tin* right side have b(‘en 
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trained to perform certain definite movements (resulting in a 
centrifugal writing), it will be the same definite groups on the 
left side which have gained in efficiency. The ability to write 
in a centrifugal direction with the left hand is due almost 
entirely to this ‘^cross-education”. 

4. Three Kinds op Reversal 

Written symbols may be reversed as a result of at least three 
fundamentally different types of control. I am primarily inter- 
ested in but one of these types. This may be defined as the 
spontaneous, automatic, unpraeticed kind which in certain rare 
instances has been noticed to accompany or follow such conditions 
as are mentioned on pp. 201 ff. (except right-handed reversals 
by right-handed individuals or vice versa ) . The mirror-writing 
which occurs in all of these conditions, I have classed together, 
because (a) the mechanism for the reversed writing is similar in 
all these cases; (J) there are certain psychological aspects com- 
mon to these various conditions; and (c) all other forms of 
mirror-writing are distinctly of a different order. 

(а) The motor complex for reversed writing is a constant 
factor. It will be considered at length in Part III, Section 1. 

(б) The psychological aspects, when present, remove certain 
inhibitions to the functioning of the reversed-writing motor 
complex. The inhibitory process may be likened to a brake, 
which when released, will allow the mechanism to glide along 
unhindered. The psychological factor is thus highly favorable 
to mirror-writing. It will be treated in Part III, Section 2. The 
relations of the various experiments of Part II to the reversed 
mechanism and to the psychological factors will be taken up in 
Section 3 of Part III. In this part, I will endeavor to explain 
the interconnection which exists in all forms of mirror-writing. 

(c) The other forms of mirror-writing may be divided into 
(1) the form which results from a conscious attentive endeavor 
to reverse the writing; this form will be considered briefiy in 
Part III, Section 2, (2) A kind which occurs usually only in 
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single letters or in fragments of a letter, aiul is <liu‘ primarily 
to a eonfnsion of the left-right relation of ohj(‘('ts in spa(*t‘. This 
will also be eonsidered in Part III, Seetion 2, 


5. Summary of Explanations of Miukor-Wiutino Offkhkd hy 
\"akious OnsKRVFiis 

Claphand*'^ h(‘li(‘V(‘s that aluluetion is tin* mort* eonvenient 
movement for writing. He studied a ehild who eould write with 
the left hand almost e([ually wt‘ll in thret* styU‘s namely, 
mirrorwise (the style fii*st learned), rightwards (as she* was 
made to write in sehool), and with alt<*rnate lines in opposite 
directions (wh(‘n slu* was ahsent-mindt‘d 1 . He se(*s a parallel 
between this ease and the history of writing, whi(*h was left- 
wards in the earli(‘st ({n‘(‘k an<l Etrusean perioil, later ''plongh- 
wise^’, and finally rightwards. 

Wilks‘^^‘ observes that if the arms la* rolltal about one 
another, the movements are (*xaetly alike. If the arms an* 
extended to the sid(‘s during the eontinuama* of the same rela- 
tive movements, tin* right hand will traet* ordinary writing, and 
the left hand mirror-writing. The movements and tin* r(‘sults 
correspond. Henet* skill in copying with the hd’t hand tin* 
usual form of writing is ae<|uired only aft<*r long (‘(fort to over- 
come the awkward use of the arm, due to the ditferent std of 
imiscles that are brought into play. 

Wray^^ says that left-handedness must not be taken as an 
indication of the anatomieal superiority of tin* right hemisph(‘re. 
Our ability to writt* mirrorwi.se mor<* easily than rightward with 
the left hand, rests upon the tendeney to auttmiatism of move- 
ment in an opposite direetion brought ah<mt hy tin* nnnnnneuts 
of the hands in opposite direetions while walking. 

List'^’’ simply notes that mirror-writers use tin* left hand; 
hence the natural result is to write from right to left. 

DuramP^ observed that among intelligi*nt persons mirror- 
writing with either hand is ditHieuIt, lH*eause of the v<*ry strong 
habit of writing from left to rigid ; but that in tin* unintelligent 
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there is an aptitude to write either style with the left hand. The 
image of normal writing being less strong in the latter ease, 
the inclination is largely iinliampered by it. 

Grace Peekham^^ reasons, a priori, that mirror-writing may 
indicate a change in the perception of the nerve centres of the 
brain. But if this were so, the patient should read this form 
of writing more easily than the normal, a condition she has been 
unable to verify, with possibly one exception, in the literature. 
She therefore attributes mirror-writing in every ease to a 
mechanical cause, the person finding it easier to write in a cen- 
trifugal direction : the ' ^ association of ideas and muscular action 
making this so.” The reason lies in a physiological, not a 
pathological, condition; therefore anyone, when not exercising 
care and forethought, might be expected to write in a reversed 
direction with the left hand. Similarly the so-called patho- 
logical” cases of mirror-writing are probably brought about 
through weakness by disease, weak-mindedness in children, or 
simply as a result of left-handedness. 

Erlenmeyer^^ believed abduction to be the natural method 
for executing all finer movements. His corollary to this is that 
writing toward the right is a result of right-handedness, and 
the greater development of the left cerebral hemisphere is 
the result of right-handedness, not its cause. Consequently 
those who wrote from right to left must have been left-handed, 
for the right hand follows the general tendency of abduction. 

Ireland,^® while he admits that most actions requiring skill 
are more easily executed in a centrifugal direction, yet criti- 
cizes Erlenmeyer’s illustrations. For instance, Ireland has seen 
quite as brilliant passages on the piano done in a centripetal as 
in a centrifugal manner. This is also true of many other deli- 
cate operations, such as using the sling, bowling and batting in 
cricket, fencing, swimming, sewing, and so on. Ireland^® has 
shown by a number of experiments and observations that there 
is a physiological tendency for left-handed children to write 
mirrorwise. This tendency occasionally prevails in adults who 
for some reason use the left hand. As an instance, some Arabic 
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cliaraeters were unconsciously reversed by the left hand of a 
subject. Hemiplegia of the right side is also an important factor 
in bringing about left-handed reversals. His general conclusion 
is a modification of Erlenmeyer’s theory, with the additional 
idea that two mental images are formed, one on each hemisphere 
of the brain. The image on the right is the exact mirror-reverse 
of the one on the left, so that the left-handed writer would trace 
) for (. 

Kingman^^ cites several tests to illustrate the old idea that 
abduction movements are the more natural and graceful for 
either hand. He also supposes that '' analogous pictures re- 
versely formed’’ are developed in the right brain conjointly with 
those in the left in two ways: (1) to some extent co-ordinately; 
(2) by what may be termed an overflow process, occurring either 
concurrently or because the left centers have attained a max- 
imum degree of development or training. Further, the conclu- 
sion is that the image on the left cortex may be ‘^called into 
play with either left or right hand to produce ordinary writing”, 
and the converse. However, writing from left to right with 
the left hand is as unnatural as mirror-writing with the right 
hand, which explains why mirror-writing is most frequently seen 
in those who are not up to the standard of the normal educated 
man. The latter is able to make the transposition of graphic 
memory at will, and consequently write either form with either 
hand. And “both of these graphic picture centres may also 
be correlated with the appropriate muscle motor centres to 
produce mirror or ordinary writing through the medium of 
the toes, lips, elbows, or any other part to which suitable appa- 
ratus can be attached.” 

Leichtenstern^® assumes that the left hand receives its stim- 
ulus from the right cortex, and following its natural desire for 
abduction movement, produces mirror-writing. He speaks of a 
“peculiar opposition” found in the left hand to writing right- 
wards, thus making mirror-writing the easier form in all cases. 

Acker^ agrees that writing is more easily formed in a cen- 
trifugal direction. Also that mirror-writing has followed dis- 
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ease of the left side of the brain in numerous recorded cases. 
He states that there is a physiological tendency for left-handed 
children to fall into mirror-writing. 

Buchanan^^ cites certain cases which point with some clear- 
ness to the fact that the person who is using the right side of the 
brain . . . has a very strong tendency to write mirror- 
wise; and we may assume that in the case of the left-handed 
person the right side of the brain is so used.” The author 
believes with Erlenmeyer that there is a greater natural tend- 
ency towards abduction than towards adduction. 

Mills®® holds that special convolutions in the right hemi- 
sphere have in a quiescent and undeveloped state the same func- 
tions which are active in the corresponding convolutions of the 
left hemisphere.” Impressions received by the left cortex of a 
normal person are recognized as normal or usual images, and 
as being right side up. The images formed on the right cortex 
are usually suppressed. When these parts of the left cortex are 
injured, their functions are re-acquired through the arousing 
and developing of the latent activities of the right hemisphere. 
For those cases of mirror-writing occurring in the absence of 
direct lesion of the left cortex (e. g., injury to right arm), he 
assumes that the development of the left cortex is arrested and 
the individual is guided by the images on the right cortex. 
Similarly, mere use of the left arm may cause the images of 
the right cortex to be aroused sufiBciently to guide the arm. A 
possible explanation for some isolated cases of left-handed 
reversals may be that the individual can write with readiness 
in the centrifugal direction. 

Bastian® thinks mirror-writing has no very special connection 
with aphasia. He believes that a centre for writing movements 
may be developed in either hemisphere for writing with the 
opposite hand. He criticises Elder's belief that there exists but 
one special centre, located in the left brain: for if this were 
so, how would one account for the fact that only five per cent 
of the subjects tested by Elder were mirror-writers?* Bastian 


*See p. 210. 
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inclines to the view that ‘*writitijr taovftufiits of the U*rt hand 
ar(‘ eontrolh‘<l hy the e<»nj<unt at*tivity of visual anti kint‘sthetie 
etnitres in tht‘ rijrht iiemisplh‘rt‘. just as tht* writinjr niovtanents 
of th(‘ ri^ht hantl are t*(Uitndl«‘tl or e<» onlinattMl hy similar 
eentrt‘s in tin* hd't i*t‘rt‘hral hetuisphere. 

Bruet*‘^ tletluet‘s from his stinly of n east* of tUsstndattal per- 
sonality, in whieli “the ri^lit ami left hraiii alttU’uately t*\t‘rt a 
pr(‘pon(h‘ratin*r intlueiiee <»ver tin* !m»tor funet ions' \ tin* st‘p- 
aratt* control <d’ the sidrs <if the hotly eat*h hy the tip|n»site t*or- 
t(‘X. Mirror-writ injr was tin* usual form whett the [latitait was 
in tin* h*ft-hatuletl sta<^e. 

Autlt*n* ht*lit‘Vt*s “that there are ptdefitial kim-sthetit* t*t‘titrt‘s 
for writinj^ <»n t*aeh sitle ttf tin* hrain." Kttr left handed 
rijifhtward writiii’^* the impulst-s from tin* tm»tt»r centre which 
coau'dinate tin* un»venn*rtts of the left harnl are “ reinftu*et*<l ami 
overlaid hy a train of nnatu* nn'imirv impulses fnuu tin* (*ells of 
tin* eheiro-kinesthetie centre for the ritjfht hand,” For this 
reas(»n mirror writ in*r is ‘retn-rallv found iit > outer ehildn^u and 
is usually transitorv, disappearin*r as the ri^ht hand Iteeomes 
mon* fa(dh‘ iu tin* use <d‘ the pt*n. 

Peretti’* supposes a dual hrain aetion similar to that assumeil 
h\' Ireland. He lieliev4*s that mirror writiiur in hettuplejrin is 
due to the tnental <ihtnseness of the patietd, remlerin^ him like 
H youn^^ (diild. He says that a woman hypnoti/,!*<l on the left 
side of the body, which he assinin*s implientes ordy the rljrht 
hi*misphere, trat‘ed mirr«»r writiim with the ri^rht hnml: and 
wln*u hypnotized on the riirht sidi* i»f the htnly, she w‘rote with 
tlie left hand tcuvanls tin* rijrtd. 

BianchP** notes that a idinrneteristii* of <»r»linHry writing is 
that <*very people us4*s tin* ritrht hiiml, no matter itt what diree- 
tiou the chnraeters are trnei*il; and that tin* “ psyeho ineehan- 
ieaP’ a(d. of writinjr is exeentni hy a retle\ mechanism similar 
to that of oral speech, the sensatitm e^imimr tor tin* immt part 
throu^rh the orjrans of sijrht. and to n lesser de^rree thronjrh tin* 
^*nu<Iitive” seiisi*. H** thinks it imposstlde that tin* seat for the 
disposition of the w‘or*is ami the im|ir**ssion of tin* motions 
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lUH'cssary for t‘<»niiati(m, and tin* impression of tin* imaj3;e 

of tin* words, should la* (Uily in tin* left ln‘niisplK‘re. l^y their 
presenee in the rijrht hemispln*r(‘, ev(*n to a uuieh slighter 
(l(‘<>:n‘(*. In* aeeounts for the eausi* of both the, patholo^ieal 
(hemiph‘jJ!:ie ) and tin* more mirmal foriii of mirror-writing. He 
says : 

la a hemiplegia of tin* right side it will thert‘fore happen that the 
image*, not. calling forth, <m the left hemisphere, any centrifugal mo- 
tion in the muscles on the right Uaml, will oblige tin* t‘Kn*nsor ct*llular 
groups in the sound right hemisphere to write* from the h*ft, been use* of 
the prest‘rve<l remembranct* <»f the uuiscular combinations associated 
with the image of tht* word. 

Hence, th(*re will la* an identieal eentrifupil motion gjivinp: 
lithog:raidiie writing:. If tun* writes eentripetatly with tin* left 
hand, tin* musele groups an* aiitagouists to tin* museU* groups 
us<‘d in right hainl ordinary writing, and thus give an ‘'insu[)- 
portabh* eotitraetion," 

Ibirr ainl ('row“ think that assoeiatt*d inoveii[U*nts an* dut* 
to hilat<‘ral represt*tdati(»n in the eerehral motor e.(»rtes: of tin* 
j)arts alVi*ete<l, i>lus motor overtlovv. Thus, tln*st‘ movenn*nts 
result if an a<hilt has not learm*<l to restri<*t (*(»mplet(*ly tin* 
random movemt‘nts <jf the infant. Mirnu'Avriting, d(*pending 
ui)<)n these prineiples, oiTers a b*ss eomph*x problem than the 
widt*r <jin*stio!i (if assoeiat<*d movements in general. Simultain*- 
ous writing with tin* two hands is not naturally identieiil, hut 
opposed. In this fa.shicui. tin* (U’diaary (*din*at(‘d man will writ(» 
rightwards with tin* h*ft hand (miy if In* **u.ses his will to malot 
hims(*lf do .so”, atnl the r(‘al r(*ason iml)(‘eih‘s writt* mirrorwise 
with tin* li*ft hand is not that they an* imb(*eil(*s, hut b(*eause 
I>(*ing imb(*eiles they permit the left hand to do what it will 
without trying to (‘otitnil it.” 

Rinbdf**" thinks that W(* gt*t a donbh* imag(» in tin* visual 
eentn*s, the oin* in tin* right sid«* beitig tin* n*V(*r.se of tin* om* in 
tin* l<*rt. The impressi<m in the right cortex of (»rdtnary p(*oph* is 
so poor, Innvever, timt it is in»t used for h*ft hand(*d writing. 
Inst(‘ad, ordinary writing is sbuvly traced <mt. Btit in a mitur- 
ally left hand(‘d person tin* impn*.ssion on tin* right brain is 
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good, and therefore mirror-writing is the natural type for the 
left hand. Moreover, it would result that all persons showing 
right hemiplegia with mirror-writing are either left-handed or 
ambidextrous. 

Campbell^® is not convinced that writing is exclusively the 
function of one hand, although in writing forwards ’’ with 
the left hand the movements do not correspond to the usual 
right-handed movements; yet one may learn this form quite 
easily, and it does not seem that there are many disadvantages 
attached to such an accomplishment. 

Elder-- differs from the view that there are two writing 
centres. He tested 451 persons of different ages and sexes and 
found that 5.1 per cent, when first bidden to write with the 
left hand, reversed their script. He finds that the left-handed 
mirror-writing agrees in every detail with the usual right- 
handed writing, and therefore must be guided by the same 
centre. This centre could not be the visual centre, else the 
writing would be in the usual shape and not mirrorwise. 

Allen's^ conclusion is that the true graphic center is not 
coincident with either of the motor centers, but superior to them 
all. Thus he suggests that all the messages start from the same 
region of the brain. But at a lower level they are turned into 
different channels leading to analogous but sometimes heter- 
onymous groups of muscles. 

Russell®^ agrees with the theories of Allen and Elder, 
although, in the case he observed, the mirror-writing was very 
faulty and bore no resemblance to the normal right-handed 
writing of the patient. The single cortical centre should 
innervate homologous muscles, making the resulting left-handed 
mirror-writing perfectly normal. He intimates that the fibres 
connecting Broca’s convolution with the lower centres are dam- 
aged, rather than the special centre itself. In addition, the 
frequency of occurrence of mirror-writing in aphasia suggests 
that there may possibly be some special connection between the 
two conditions.” 

Jones, although hazarding no explanation for the occur- 
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renee of mirror-writing, gives a rather good destructive criticism 
of some of the existing views. The only explanation which 
seems to him at all adequate, is that given by Mills in the 
Encyclopedia Medica. As most mirror-writing is left-handed, 
the movements are primarily guided by the left cerebral cortex 
through some preponderating influence which the cells on the 
left side have over those on the right. As a result the move- 
ments of the left hand are symmetrical with those of the right, 
and because the same relative muscle-groups on the two sides 
are used, mirror-writing will be the left-handed type. Some 
stress is placed upon the particularly close association of the 
two hemispheres through the corpus callosum. Even this 
explanation, says Jones, affords but little light on the subject. 
He is especially bitter towards the retinal-image ’’ and ‘‘mental- 
image” hypotheses. He remarks that the blind suddenly given 
vision do not interpret it as inverted. 

Smith®^ notes that the various idiosyncrasies of right-handed 
writing will be copied in reverse by the left, but that these 
peculiarities will not be followed if the right hand writes 
in reverse. He is not able to decide whether this phenomenon is 
due to more or less facility of hand movement (as suggested 
by Erlenmeyer) or whether it lies deeper, in some unilateral 
brain perception. 

A view having great divergence from previous hypotheses 
was offered by Hale and Kuh.®^ These authors formulate a 
theory, based upon the relation of objects in space to the com- 
plicated process of mental co-ordination. They call attention to 
the fact that right-handed fragmentary reversals are of far 
more frequent occurrence than left-handed mirror- writing ; an 
observation which, if it had been made, was hitherto con- 
sidered of little or no importance. Only by laboriously acquired 
experience do we learn to interpret the inverted image on the 
retina and produce an upright writing. The child and the 
feeble-minded, lacking this experience, or the adult suddenly 
deprived of it, reproduces the visual image in incorrect spatial 
relation; hence the mirrored or completely inverted writing. 
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Complete inversions are, lunvevtn*, ran‘; as tlu‘ lateral relation- 
ship, beinj*: the last and hardest to ae(inirt*, is (irst to he lost. 
They elaim that the link whieh unitt‘s all tlu* various states in 
whieli mirror-writ inj? shows itself is an iinp(‘rfeetly th‘veIoped 
(in the very younj>: or in some mtnital detieients) or path- 
oloj>:ieally disturbed (afttu* hemiplt‘}>:iu and in eertain ae(iuired 
psyehie distiirbanees) psyehie aissoeiat ion an<l eo-ordination. 
Hut little eredeiiee is phieed in the *‘ahduetion” theory of 
Erlenmeyer ais an (‘xplanation for mirror-writing, heeause if 
this movement wert‘ n very {uvwtudul stimulus, mirror-writinji^ in 
rijifht hemiplejjfies would ho the rule nit Inn* than tin* exeeptiou. 
The eritieism of Irt‘land s tlnmry is tluit modern physiolop^ieal 
psychology eaiumt aceejit with such completeness tin* dual char- 
acter of tin* brain; imr does this theory covt*r all cases. 

Sweeney*'* attributes mirror-writ iup: to a disarranji:enn*nt of 
S(‘nsory imprt*ssions, with a resulting confusion or suppression 
of oiu* or tnon* of the factors whieh *^iv<* us our i(b*a of the 
sj)atial position of obj<‘cts. Thus, a ease of astigmatism may so 
interft‘re with tin* muscle senst* as to pn*vent tin* propt*r associa- 
tio!i in the mind with other sensations and a normal transposi- 
tion of the retinal imaire. Mirror-writinjj: in sm‘h a (*ase was 
eomph*tely <*ra<Ii<'nted by ‘»'bisses that removed the rf»tlex stimu- 
lation. Tin* reason why mirror-writ iin^ is reversed, and not 
inverted, is that the lat(*ral visual field is mon* extensive, and 
muscular movements an* morf* fre<|nent in a lHt<*ral dirt»etion and 
henei* more easy and uneonseiiius; tin* impressions eonvi*yed to 
the mind are less in dej^ns* than are tht* vertieal; the latter is 
a more purposive stimulus, and impressions conveyed hy the 
muscular st*nse an* less likely to In* overpo\vert*d hy tin* reflexes 
exeit(*d hy eye-defects. Tin* <lisarrnnj'<*ment in ht*miplej^:ia ‘‘may 
In* that tin* unac<*ustome<l use of the <ither hand for writinii:, anti 
the confusion lH»twei*n fonin*r muscular Imliit, memory and the 
<*frt)rt to atlapt m*w (*entres to an nnusiud task would produce a 
reversal of writing when att<*ntion is not dirt*(»tt*tl to tin* forma- 
tion of words/' Tin* author eritiei5»;es Iretamrs assumption of 
a corr<*spomlin^ hut reversed irriuKe in the rijrht brain of ri^ht- 
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handed individuals, as a “rather violtuit hypothesis'’, and asks 
why, if this lu* so, tlunv is not inv'ertt‘d vision as wt‘ll as heuiian- 
opsia wluni the visual etuitn* of the left lu‘Uiispher<‘ is tlestroyed 
— a eondition whieh doi‘s not exist. Also, lu‘ elaiuis it liarzard- 
oiis to (‘xplain niirr<»r-writinfr on th<‘ basis of ni(*ehauieal ease, 
as Pt‘ekham dot‘s; for, if so, at least a teiuUniey to luirror- 
writiiifi: sliould be shown by all Ud’tdianded individuals l)(‘{ 2 :in- 
ninj>: to \vritt‘, and not by a small ptuventa^v only. 

i\‘ndn‘<l‘*’' iiu'lines to the view that “the pieiun's of lettiU's 
in the boy's Ireferrinj^ to tlu‘ ease of spontaneous mirn)r- 
writinjif ht‘ is stiulyin^^j memory eentrc* an‘ ineorreetly stored 
and in<*orr(*etly n*pro<lueed.” H<* thitd<s that tlu* reeeptivc* 
apparatus in tiie oeeipital lobes may “play this s 1 ranj 2 :(» ])rank 
witli tht‘ naturally invertinl pietures of h‘tt(U‘s rt‘e(‘ivt‘d on the 
boy's retina/' He notes “tliat tin* b‘ttt‘rs an* not iuvert(*d, as 
wmdd Ih* the east* if the brain nn^rely fail<*d to rijj:ht tin* n*tinnl 
images. 

With n*”:anl to tin* sort of eontrol titili/.t‘<l by subj<‘ets vol- 
untarily writitij? n*v<‘rs<*dly, Abt’* <listin<;uishes thn*e elasst»s: 
(1) Thost* who before writ in*; representt‘d tlu* form of betters 
as r<‘Vt*rst*<l to whieh but three of his thirty subj(*ets eon- 
forrmui. This mt*tho<i was ftmnd t<» la* slow and laborious, tlu* 
writer was apt to bt*e<»mt* eonfustul and tlien* was fre(|U(*nt 
revt‘rsion to rightward writin*^. (2) Thost* whtMlept‘nd(*<l upon 
visual repn‘sentation of tin* symmetrieal movenu*nt. This was 
the usual nu*tho<l of (*ontrol. Alistukes w<‘n* ran‘ly t‘rrors of 
n‘Vt‘rsion to rightward writing and nt*ver td’ partial reversion 
of a letter. (2) Tliose for whom, a|)part‘ntly, tlu* auditory 
motor ima^e iitinu*<lintely ev<ike{l the mov<*meitt. Tlu* exist(*nee 
of this eontnd Abt <[iiesti<ms, for if the auditory motor imaj;tt 
ealls forth b*ft luuul mirn>r vvritinjj:, bow ean it t*nll forth by the 
same mechanism ri^J:ht haiul mirror writing? 

Downey"*' <iuesti<»ns tlu* possibility of (^lassinj; six of h(‘r 
(*i^ht .subj<‘ets (two us<*d Aid's first metluul, m<ydifu*d) under 
Aht’s seeoml heading: she says: “Dor wliy may tlu*re not lx* a 
motor as well as a visual representation of a niov<‘mentt" 
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Visual representation of a movement was rarely spoken of, but 
grapbo-motor control was frequently insisted upon, sometimes 
as a matter of anticipatory imagery. Downey accepts the possi- 
bility of a purely motor representation of the movement. 

6. Classification op Previous Theories 

The theories of mirror-writing may be divided into six 
groups, viz. : 

(A) The explanations which depend upon the facility of 
external motions of the limbs. 

Advanced by Durand, 1881-2 ; Peckham, 1886 ; Clap- 
ham, 1894-5; List, 1901; Wilks, 1902; Wray, 1903. 

(B) Those which place emphasis upon the facility of cen- 
trifugal motions of the limbs, but in addition attribute the 
ultimate causation of specific movements to bilateral representa- 
tion on the cerebral cortices. 

Advanced by Erlenmeyer, 1879; Ireland, 1881-1893; 
Leichtenstern, 1892; Acker, 1894; Mills, 1894; Kingman, 
1905 ; Buchanan, 1908. 

(C) Those hypotheses based primarily upon bilateral rep- 
resentation on the cerebral cortices. This group is closely allied 
to group B. 

Advanced by Peretti, 1882; Bianchi, 1883; Bruce, 
1895; Bastian, 1898; Campbell, 1903; Rudolf, 1903; 
Auden, 1909; Burr and Crow, 1913. 

(D) Those that admit but a single writing centre. 

Advanced by Smith, 1879; Allen, 1896; Elder, 1897; 

Russell, 1900 ; Jones, 1903. 

(E) Those that depend upon disturbance of vision or of 
the visual centre. 

Advanced by Sweeney, 1900; Hale and Kuh, 1901; 
Pendred, 1908. 

(F) Those which recognize various controlling factors for 
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individual voluntary reversals. Thus the movements may 
depend upon motor, visual, mental or auditory-motor imagery. 

Advanced by Abt, 1901 ; Downey, 1908. 

A closer examination of the relative value of these groups, 
as well as any criticism of them, may be best postponed until 
my own experiments and observations have been given. 


PAST II 

EXPERIMENTAL FINDINGS 

I have arranged the following account of my own experi- 
ments to conform in a general way to the degree in which the 
conditions favored the production of mirror-writing. A fuller 
description of the relation of these conditions to mirror-writing 
will be found toward the end of Part III. 

1. Hypnosis (4 subjects) 

These subjects were normal, but were tested when in the 
deeper stages of hypnotic sleep. 

Subject A. Twenty-nine trials writing single simple words 
with the left hand. Of these words, twenty-four were entirely 
reversed. Thirty-four trials, single letters, twenty-eight were 
entirely reversed. Of the six that were not completely reversed, 
five were partially reversed. 

Subject B. Thirty-one trials with words, seven trials with 
sentences, thirty-nine trials with letters. Each and every one 
was reversed. The subject showed no hesitation whatever; the 
reversals were easily and rapidly written. During this test, 
the subject was hypnotized four separate times, at periods of 
from one to two weeks apart, and each time produced mirror- 
writing post-hypnotically as well as while hypnotized. Accord- 
ing to her statement, she has never been inclined to left-handed- 
ness. She was unable to decipher the writing, unless by the 
usual means of retracing each separate letter. After the four 
tests, I explained the matter of mirror-writing to her. Then, 
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using a planclu'ttt^, I desiml tin* suhjt‘(*t to d<‘V<>tt‘ inn* outire 
attention to tlu‘ probloin of mirror-writing.^^ 'Flu* nvsult was a 
slow, Iu‘sitating, poorly (‘Xtamtod f<»rni of rovorsal, typical of 
what will lat(‘r ho di‘sorihod as attontiv(* itiirror-writing.t I 
thou oarritnl tlu‘ suhj(‘ot thnnigli suootvssivt* stages of dis- 
traction of tho adtmition from the loft hand, ami (d‘ dis- 
sociation of tho montal from tho m(vt(»r rnm‘tions, until slu‘ 
arrivod at that stage* of abstraction so nearly allied to hypnosis 
that the mirror-writing was automat it* ami complott*. In each 
successivt* stagt*, tin* automatic character td* the rt‘Vt‘rs<*d writing 
showoel a corresponding increase. As an e\amph‘: the subject 
tappi‘d with her right hand with tin* greatt*st possible* rapidity 
on a tol(‘graph key, at tin* same time* tliat she said tin* alphabe*! 
backwards ami wrott* words with tin* h‘ft haml. S(*ve‘ral words 
would be writte‘n in a rightward tlirt*<*tion, then <un* tu* two or 
throe would be* ri*V(‘rst‘tl dirt*ctly bat»k over the wonls just writ- 
ten. No ln‘sitation occurre‘el lM»twe*en tin* twe» styb*s, and tin* 
reversed writing was {(uite* as rapid ami was be‘tter t‘X(‘cutt‘d, 

Subj(‘ct re*spondeel in <mly a slight Iv less elegret* than eliel 
subject B. 

Subject 1). None* ed' feudy words was r<’Ve*rse‘<l. By using 
various suggestions to tin* e*trt*ct that the auteitnatic and 
attentive apparatus should be <lisso<*iate(h 1 succee(h‘<l in gain- 
ing a complott* mirror styb* from tin* rt*agent ’s h*ft luind ; after 
this the subject was just as amenable to tin* ditVt*rent tests as 
was subj(»ct li. 


2. lIVSTKIilV (I sulljt*t‘t 1 

Accompanying tin* otht‘r symptoms of tht* disease, tln*rt* was 
complete ant*sth(\sia <d’ tin* h*ft sith* of the btuly shouldt*r, arm, 
and pectoral r(*gion. I pbu*t*<l her left arm on the planchette 

*Th<* planchette. on a larK«* plen* <»f paper. I ftunnl iinmt useful la 
many tests. A minimal amount of attentitm need be directed to hold- 
ing the p<*ncll, and to its position on the sltetd: mor«*(»ver. muscular 
wearin(‘ss In prolonged te.sts is reduced. The result Is that muscular 
responses to feeble stimuli are much more marked. 

tS(‘o p. 241. 
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but obtained no response. Upon suggestion that it was the right 
arm which rested on the planehette, and that she could write 
just as well with the left arm, etc., I finally succeeded in get- 
ting writing from the left arm, though the patient was unaware 
of the movement of the arm. The writing was entirely mirror- 
fashion. 


3. Drugs (25 subjects) 

I thought that, by the use of drugs, I might simulate to 
some extent the conditions which are most favorable to mirror- 
writing with the left hand. 

a. Alcohol (18 subjects)* 

The first portion of the test was the same in every case. 
It consisted in holding the patient’s right arm, and forcing him 
to write, or to make the motions of writing, with the left. The 
process was accomplished as quickly as possible, giving the 
patient very little time to collect his wits or to plan his motions. 
Ten trials were taken with an interval of two minutes between 
each. One subject, E, deeply infiuenced by the drug, wrote 
letters, words, and entire lines in mirror-writing. 

Pour patients were in a comatose condition and were exam- 
ined immediately upon revival by aromatic spirits of ammonia. 
Two of them, P and G, indicated that they would write (i. e., 
made definite writing motions, which could not be recorded 
owing to the conditions of the tests) exclusively in a reversed 
direction; one (H) indicated a reversed direction in about fifty 
per cent of his movements ; and another (I) showed no tendency 
to reversal, aside from the purely random nature of many of his 
motions. 

The remaining thirteen reagents were less completely under 
the influence of alcohol. Eight of these (grouped as J) evinced 
considerable doubt and usually showed a tendency to stop and 
figure the thing out. Prodded on to the attempt, they often 

*The alcohol was not administered for these experiments. Subjects 
were found in various localities and were tested on the spot. 
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showed impatience and dashed off their word now rightward 
and again leftward. The greater the anger and haste evinced, 
the more likely was the writing to be reversed. The other five 
(grouped as K), though well intoxicated, were less so than 
group J. They showed very little tendency to reverse their 
writing, and then only when they could be forced to write imme- 
diately after the signal was given. 

The second part of the experiments with alcoholics was sub- 
ject to much variation, as one plan or another suggested itself 
and was tried out. Thus, suggestion in one form or another 
was tried in each case. By this means the percentage of 
reversals was increased, especially in the relatively less intox- 
icated stages. Two of group J and one of group K became so 
adept, with a little instruction, that it seemed quite impossible 
for them to write rightward. 

6. Cannabis Indica (3 subjects) 

Subject L (myself). In 122 trials at writing words, seventy- 
two per cent were completely, reversed. In 240 trials at writing 
individual letters, the letters were completely reversed, or hesita- 
tion was shown as to how to begin the letter, or the letter was 
reversed in part, in eighty-one per cent of the cases. 

Subject M. Of eighty-one trials at writing words eighty- 
four per cent were completely reversed. Of 106 trials at writing 
individual letters, the letters were completely reversed in sixty- 
six per cent of the trials ; hesitation was shown as to beginning 
the letter in six per cent of the trials; and the letter was 
reversed in part in three per cent of the trials. 

Subject N. In ninety-six trials at writing words, two per 
cent of the words were completely reversed. Of 145 trials at 
writing individual letters, three per cent were completely 
reversed; hesitation and confusion were shown in twenty-nine 
per cent of the trials ; and the letter was f ragmentarily reversed 
in thirteen per cent of the trials. 

A few trials at right-handed writing were given in each case 
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before the left-hand tests were started. In no ease was there 
any indication of reversal. 

As usual, after the regular tests were finished, variations 
were added in the attempt to locate some definite factor which 
would either favor or retard the production of mirror-writing. 
Here, as before, suggestion was found to be most potent. 
Conversely, merely to point out to the subject the queer appear- 
ance of his reversed script was enough to stop altogether, for 
the time being, its production. 


c. Ether (4 subjects) 

The trials are necessarily few in number because of the very 
short duration of the stage of intoxication which I found by 
testing other patients to be most favorable to mirror-writing. 
This is during the recovery of the patient, but before he is 
conscious. The giving of the drug was, of course, not in my 
hands, as the patients were being anaesthetized for minor opera- 
tions. Usually the patient merely indicated, by a jerky sweep 
of the arm, the direction of his writing. With the right arm, 
this direction was always rightward ,• with the left arm : 

Subject 0. Bight trials, words all reversed. 

In twelve trials in which I attempted to make the subject 
realize his error, ninety-two per cent of his movements were 
reversed; that is, this patient could not be made to realize that 
he was writing in any but the normal manner. Later stages 
in his recovery were not satisfactory, as he was quite conscious. 

Subject P made no reversals. 

Subject Q hesitated before each motion, and only in two of 
eleven trials did he reverse. Single letters were not reversed in 
nine trials. In seven of thirteen trials he was induced to reverse 
words or letters by suggestions to that effect. 

Subject E reversed in four of nine trials with words; in 
six of eleven trials with letters, the other five trials showing 
doubt and no motions of a decisive nature. Suggestion in nine 
trials produced no noticeable increase in the reversals. 
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4. Abstraction (15 subjects) 

The persons experimented upon were in normal life, ten 
belonging to no particular class, while five were engineering 
students. Different methods of inducing abstraction were em- 
ployed; for instance, mental arithmetic, crystal-gazing, and so 
on. In half the trials the reagent kept in his left hand a pencil 
held on paper in position to write ; and in an equal number of 
tests he rested his left hand on a planchette. Immediately upon a 
signal, he was to begin a word. I found that only the first line 
was of any value, for almost as soon as they began to write, 
they awoke from their abstraction, and summoned attention to 
their aid in finishing the word. The first stroke was started 
mirrorwise in some thirty per cent of the ninety trials I deemed 
it fair to accept as answering all the conditions of the test. 

5. Insane (5 patients) 

These patients were confined in an institution, and no hope 
was felt with regard to their recovery. Unfortunately, the 
diagnoses of the particular types of disorder they suffered from 
were not satisfactorily , determined for inclusion in this article. 

Subject S retained just enough intelligence to write a few 
words. He looked at me when writing, and not at the script. 
With the left hand, mirror-w^riting was formed without ex- 
ception. 

The other four patients wrote mirrorwise from fourteen to 
seventeen per cent in some eighty-five trials each, given at 
intervals of several days. Hesitation was shown in starting a 
letter in about twenty-three per cent of eighty trials each. 

6. Hemiplegia (right side paralyzed, 2 insane patients) 

Subject T could not be induced to write in anything but a 
reversed direction. His general mental condition was so poor 
that he could remember only a few letters. 

The other patient was in better condition mentally. He 
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produced mirror-writ iii^' in hut uiue por rtmt of 1 !(> trials, liy 
su^^t^stion, 1 rould raise this ptuveiita^t* (mly to 11 per ctmt. 
Of 118 trials with individual h‘tt<‘rs, eifrht per rent wer(‘ entirely 
mirrorwist*, t<‘n p(‘r (*ent showed s(une h(‘sitation or frai^itumtary 
reversals. That is, tlu‘re was e<imparativt‘ly littlt‘ h(*sitatiou; 
the letttn* was either rt‘Vt‘rst*d or it was not. 

7. KKKm^KMiNOMo ((h) patitaits) 

Of tiiese, twenty six wt*re in the int(‘rmediatt‘ j^radt* (st^eoud 
rt‘adt‘r') of seho<»L Ask<*tl t(» write tht‘ir nanu‘s witli the h‘ft 
hand, only two pnulueial inirror-writinjr. l)irt‘ete<l to write a 
douhl<‘ word, sueh as ‘Mlhm MIh‘rr\ with the left harul, hut to 
turn tht‘ pap(‘r thnaij^h an ainjjrle of ISO in its (»wn plain*, ht*- 
tween the two words, I fouiul that six wrote *' Ml ten” in mirror- 
writinjr, iiadiulin^ the two above, who wr<»te '‘(ilen” mirrorwist* 
as vvt‘ll. Mij^hteen td’ the tw<‘nty six shovvt*d, in all tin* tt*sts, 
marked eon fusion in starting; (h<* line now lieinjx start<‘d mir 
rorwist*, and thi‘n in its usual tlin‘etion. Wlien I wrott* mirror- 
wise tin* word ‘M 'aliftnuiia ", hut thrt*e of the pati(‘nts liati tlu* 
sli<»:hh‘st diOieulty in etipyin^ the word reverstsl. 

or twt*nty three fiatifiits in the advanetMl irrath* of tin* sehool, 
studyinfr Kt*oj»:rapliy, 4*(e., hut oin* wrott* mirrorwist* with the h*!! 
hand. T(*stin*»: as ahovi* with tin* words “(lien Mlh‘n”, hut thret* 
rt‘versed “Klli*n”. Ia*ss confusion tlian in the first jxroup was 
shtuvn in startinjjr a h*ttt*r with tin* h*f( liainl. 

Twenty other patit*nts nine ehihlren, t‘lt*vt‘n adults wt*r(‘ 
tt*s(t‘d; these wen* <d’ low j.n'utle, ainl n<»t in the selnad, althou^di 
they could writ** a ft*w wttnls or letters. Om* half wert* chosen 
on a<*(*ount of a marked nt»unitie histtiry ; (he other half W(*re as 
fr(*(‘ from anythin}^ hut fuire “ f<*(»hle mindt*dncss’* as 1* <*oul(l 
find. Of tile first fen, six firovetl t<i he mirror writers, tw<i of 
tin* rernainirn? four (*oul<l h<* e<infust‘d into mirntr writing, whih* 
the other two <*<iul<l not he imlueetl tt» write niirrorwise at all. 
Of tin* last tt‘n, hut <nn* wr<»te mirntrwise, tndy tw<» (*ould ht* 
eonfus(*<l, finf all <d* fht*m <*ould copy, in rev<‘rse, words written 
in mirror stvh*. 
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In examining the histories of the forty-nine school patients, 
I found that with three exceptions, every patient who had 
shown a tendency to mirror-writing had a neurotic taint other 
than feeble-mindedness. Thus, one had epilepsy; another, a 
hysterical mother; another, an insane father; and so on. Of 
the remaining patients, one-fifth gave a similar history, the rest 
being classified as merely ‘‘feeble-minded” or retarded. The 
neurotic tendency would lead to mental confusion, whereas the 
feeble-mindedness would place the patient in the same class as 
young normal children. This, as will be seen later, is an im- 
portant point in the problem of mirror-writing. 

8. Deaf and Dumb (77 patients) 

Of forty-two in the upper grades in the school examined, 
but two wrote mirrorwise with the left hand. Twelve of this 
number, exclusive of the two above, wrote the second word mir- 
rorwise upon turning the paper through an angle of 180° 
in its own plane. Thirty-five showed great readiness in copy- 
ing words after I had written them mirrorwise. 

Of thirty-five deaf and dumb children in the lower grades, 
none showed the slightest desire to reverse letters or words. 
After a few trials, some of the children could be confused on 
such letters as S and N, When asked to copy words written 
mirror-fashion, the majority were able to do so, but a few began 
at the left and copied rightward. 

9. Blind (5 subjects) 

I was inclined to doubt Soltmann’s figures for the deaf and 
dumb, but thought they might agree more nearly with the left- 
hand writing of the blind. Unfortunately for my purpose, blind 
children are no longer taught to write long-hand, and I could 
find in the institution I visited but five children who could 

*Tliese tests on the deaf and dumb were made to verify a statement 
of Soltmann, quoted by Gould ss p. 106 that of seventy-seven deaf 
mutes, thirty-five per cent wrote mirror-style with the left hand. 
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write. Notio of tlu^s(‘ oviiiml tlu‘ slifjfhtost iiioliiiatiou to spon- 
taneous left-hand revm'sals; nor eould they lu‘ rtNuUly niadt^ to 
understand tlu‘ usual t‘xpianation of luirror-writinji;, or to 
reverse tlieir serif)!. It sinudd he uinhu’stood that nont‘ of thest^ 
live ehildreii was eon^tniitally hliiul; with tin* eonji^tuutally blind 
a dilTtuunit S(‘t of faetors niij^ht h<‘ opt*rativ(^ makin^i* h‘ft-hand(‘d 
r(‘Vt‘rsais t‘asi<*r. 


U). XouMvi. (‘mnnuKN (2() suhj(‘etsi 

First typt‘, (‘i^ht(‘(*n ehildren who had just h‘arned their 
letters. In no east*, hy any of tin* onlinary means, (‘ould 1 
any of thes<‘ ehildren to reverse th(*ir words, or i‘V(*n tin* letters, 
exe(‘pt that in ran* instanees tiny rt*verse<l su(*h eonfusiujuf leit<‘rs 
as xS' and A‘, Often tin‘r(* was ln‘sitation, hut nt‘arly always tin* 
eorn*etly formed lt‘tt(*rs wen* written. 

KiKht ehildn*n, a i^radi* ahead of the first type*, frt*(|uently 
revt‘rsed (*<*rtain eonfusinjj;’ letters ancl (i^nire's with the left hand. 
By (*mployinj»: various mt*atis to eonfusi* thenn this pen*enta*re 
eould h(^ (•onsid<*ral)ly inereased, and in one instanee 1 su<*<*ee(h‘d, 
without sujrjrestion, in )Lr«*ttinj; sevt‘ral won Is in mirror-styh*. 

11, PkhSONS with S|*H<’I\l. TuMNINt; OK TIIK AUMS 

Thinkinjjf that a ijersoir.s oeeui)ation or his trainitijj: in writ- 
inji^ would have some l>earin^ on tin* n‘n<lin(*ss with whieh the 
motions of tin* left hatnl wouhi he n‘V(*rsed, I trietl a numher of 
tests, amoiif^ whi<*h tin* followinp^ ha<l tin* most instruetive 
results. In tin* first part of eaeh of these tests, nothing was 
(*xplaine<l to the reae:<*nts, who were m(*rely asked to write tin* 
same things on a hlaek hoard, sinmltnneously with both hands, 
and eenterinji: the att<*ntion on tin* rijrht hainl. 

a. (*h'rks (12 suhjec‘ts) 

Analoj^ous ac*ef>mpanyiiijLj nn>venn‘nts has(‘d on tin* visual or 
m<*ntal si^nifleanee of the symbols was best illustrated hy twelve 
el(*rks, hij^hly trained in writing*:. With the left hand, the writ- 
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ing: dim*tiou was always rijrhtwani; no indication of r<‘versals 
in fifty-eight trials. When tlu‘ same rt‘agents were urged to 
rapidity, oiu‘ subject fragnunitarily i-ev(‘rst‘d thn‘e ltdfei>{ in 
thirty-two trials. 

I carefully instruct(‘d them in the trick of mirror-writing. 
If given plenty of tiim*. they eouhl rtn'erst* tlu‘ charaettu*s with 
the left hand, but if \irged to speed, in almost (‘very instance 
they wrote rightward with tin* hd’t hand. After somo twenty 
trials, three of the reagents thought tin* mirror form tlu‘ easier. 
But when I aslunl tln*se thr<*t* to write* mirror fashion with only 
the left hand active, th(‘y wen* in (*ach (*as(* U»st. TIn‘y lu'si- 
tatod, made two or thrt‘e falst* starts, and tinally produced a 
revei*sed script that was very much poi»rt*r and un»n‘ lalMu*(‘d than 
when both hands W(‘rc active. Asked why this was so, (*ach one 
told essentially tin* same story: that In* tlnnight (irst how the 
motions of forming the ordiiiary h*ttcr would lo(»k, whih* at the 
same time, or a litth* latt*r in tin* case of simpler lett(*rs, the 
hand was engagi*d in moving in just tin* opp<»sit(‘ direction. 
Som(dinn‘s, with c(*rtain h‘tters, tin* tirst step s(‘emed unn(*(*(*s- 
sary, whereas, wln*n hofh hands were active, litth* or no a.tt(*n- 
tion was given to tin* h'ft hand. Tin* other nine, aft(*r (*onsid- 
erably mon* pra(*tit*(‘, arrivi*d at tin* same etaiclusion. 


h, l*l(isfrrrrs' ( 12 subjects) 

Analogcnis a(*companying movi‘nn‘nts based on motor hahit 

was h(*st illnstrat(‘d by twt*lvt‘ plasten*rs whose trade* reepiires 

that both hands make similar nn»vem<*nts si!indtam*otisly. They 

drew on a hlaek-hoard arty figures that (eeeurred to tlM*m, also 

(*opi(*d s{*veral figun*s mon* or less mear»irigb‘ss, and followed 

the motion T made win*n drawing otln*r figures. As usual tln^ 

suhj(*(*.t was at first unawnn* (»f tin* purp(»se of the r*e(pn*st. In 

all (*ases tin* l(*ft gave* a eeuTe‘t*t imitation of , , . . 

•I .. ;• > 

tin* riglit liand, i. <*., tin* figure*s wer‘i*: 


Sul)j(*ct(‘d to the* same* tests as tin* eterks, tln*y we*re imere 



imvi 


Fuller: M / rra /•- 1 V ri t i mj 


225 


backward in Icarninjjr, probably lH*cau«o they had h‘ss imagi- 
nation. On the other hand, the elerks and stndimts found it 
luueh easier to draw arbitrary figures similarly relatetl, i. e., 
,> f ^ than did tla* plastert»rs, this problem 

X \ k A them, in I’aet, s(»veral oE the 

stiulents drew figures in both relati<ms before any dt‘tinite diree- 
tion had l)een ^dven. 

12. I’NiVMusrev Sti'omnts (21 subjeets) 

JMerely asla‘d to writi* simultaneously with both hands, th(‘y 
<jfav(‘ no indication of JuirrorAvritinjr. 1 now told them iitipmv 
tnetly what mifjrlit be expeeti‘d, mer(‘ly {i^ivin^ tlumi a hint; I 
th<‘n Jisk<‘d tlnan to close their eyes, and to write* rapidUf with 
both hands. >Six show<‘d a rather strong tendeney to r<‘verse* tin* 
h*ft-han<l ti^urt's. It is signitieant that all of tlu*m r(‘Vi*rs(‘d a 
f(‘W lines, fuostly tin* first strokes of tin* tiji:iir<*s. About a do/.t‘n 
trials e*aeii wt*re jriven. Furthermore, this ratio more* than 
d<mbU‘d wIk’U tin* re*a}i:ent was plaeeul in a. eondition ut abstrae^ 
tion (nn*ntal pred>h*tii, <*t<’. i When I tiualls’ ex[)laim*d that it 
WJis e‘asy to ri*ve*rse‘ tin* b*ft liainl script, e*v»*ry subj<‘et fotind this 
so, after a. eemph* of trials. Tln*y also fouinl it mue*h (‘asit*r to 
r(‘V<‘rst* the* h*ft hand script whe*n the ri<i!;ht hand was f)assivt*, 
tlian elid the clerks. I'hey feaind, with a little* pra(*tie‘e*, that it 
was mueh e‘asie*r tt» rt*ve*rse with the* le*ft than with tin* rijrht 
hand, e*a<*h be'injjr useul se*parate*ly. 

I note*d in all tin* nbe>ve r«‘ajxe*nts that if both hands aret 
active*, the* le*ft hainl (i{i:ure*s are much more* erampe*d, are* lt*ss 
fre*e‘|y e‘Xe*cut<*<i ainl h*ss ple*asin^ to tin* e*y<* when drawn in a 
ri^htwarel dire*ctie>n than whe*n re‘ve*rsf*d. Apiin, aftt*r the* 
re*a|»:e*nts we*re* we*!! pra<‘tie*e*el, as a rub* tln*y feanul it (*asy to 
write* mirreu’ writing with tin* rif»:ht hanel, wln‘n atte*ndinj»: to the* 
left hanel, whi(*h wrote* ri^icht ware!. Any peculiarity of tl»e* 
stroke*s, (U* tln*ir re*lation te» erne* am>tln*r sue*h as is apt to ejccur 
vvhe*n we* use* the* le*ft hanel fen* writilur, will be* {»hs<‘rve*d in 
re‘ve‘rse* in tin* writijur by tin* riirht hand. 
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13. Eeversed Visual Field (16 students) 

• I employed a right-angled prism with broad faces, which by 
means of straps could be adjusted comfortably before one of 
the subject's eyes, the other being blindfolded by a curtain 
dropped from the front of the gear. 

Sixty-four trials at writing with the right hand produced no 
evidence of reversals. Sixty-eight trials at writing with left 
hand — rightward direction in eighty-seven per cent; and 
scratches, i. e., starting lines in one direction or another, and as 
soon discontinuing them, confusion, and inability to produce 
anything like rightward or reversed writing, in thirteen per 
cent. Only in seven of the above sixteen reagents did this con- 
fusion occur. 

The subject was then asked to pay particular attention to 
the visual appearance of the writing. With the right hand, this 
made very little difference ; the reagent was apt to make one or 
two false starts, but in no case was a complete word reversed; 
and very soon he struck off in a rightward direction. With the 
left hand, however, the thirteen per cent of confusion was raised 
to ninety-one per cent. Only after the subject was familiar 
with the apparatus did he produce anything resembling letters ; 
and then he usually guessed the purpose of the experiment, 
making further results of little or no value. 

Using fourteen .students who were unfamiliar with the 
apparatus, I attempted to find the percentage of meaningless 
figures that would be reversed. The tests I found most useful 
required the memorizing of a series of five figures by eye alone ; 
the subject had then to put the prism before the eye and write 
off the figures with the right hand and then the left hand, with- 
out depending upon any particular control. Then I would 
caution the reagent to depend as fully as possible upon his 
visual remembrance of the figures; and again, upon the mus- 
cular remembrance. The next series involved the learning of a 
new set of figures, but principally by drawing them over and 
over with the right hand. Then after adjusting the mask, the 
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tests were repeated as in the series above. A third series was 
similar to the above, except that the left hand was the active 
member by which the learning was accomplished. 

In the following table the method by which the figures were 
memorized is indicated as the '‘series”. The "control” indi- 
cates the sense which the reagents were cautioned to depend 
upon. The first column of figures is the number of reagents, 
with, in the second column, the average number of their reversals 
in every twenty trials. 

Some additional series were tried in which the learning of 
the figures was with the field reversed, and the test was with a 
normal field. Except that the reagents’ surprise was a bit 
keener, the results were essentially similar to those of the series 
above. 


PART III 

THE EXPLANATION OF MIRROE-WRITING 

1. The Physiological Factor in Mirror- Writing 

The majority of authors agree that there is present in the 
right brain a centre which governs left-handed mirror-writing. 
Such an explanation very readily is suggested. The multiplicity 
of interpretations it permits allows infinite variation to accord 
with many diverse aspects of isolated cases. Yet I can not 
accept this theory as the most satisfactory explanation. I hold 
that a single "centre” is adequate to cause all of the manifes- 
tations of reversed writing. The very elasticity of the double- 
centre theory occasions complications, even contraditions, when 
one attempts to correlate all the cases and modified explanations 
and experimental findings. Again, it is against the concepts of 
modem physiology to think of a separate graphic centre — as 
such, or in any of the modified or reduced forms set forth by 
various investigators in this subject — as located in the right 
brain of right-handed indviduals. Also consideration of experi- 
mental data and study of the numerous cases reported in the 
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RIGHT HAND 

LEFT 

HAND 

SERIES 

CONTROL 





Reagents 

Reversals 

Reagents 

Reversals 



Series 1 

General 

11 

0 

10 

0 



1 

12 

1 

16 

(Mem. 


2 1 

4 

3 

12 

by eye) 

Visual 

8 

0 

3 

0 



1 

20 

4 

20 



2 

17 

3 

14 



2 

12 

3 

12 




7 

1 

2 



13 

0 

3 

0 


Muscular 

1 

4 

2 

8 





9 

4 


• 

13 

0 

8 

0 

Series 2 

General 

1 

6 

3 

12 

(Mem. by 




3 

8 

right hand) 

Visual 

12 

0 

3 

0 



1 

16 1 

! 9 

6 



; 1 

i 

7 

2 

4 


! 

13 

i 0 

4 

0 



1 

8 

3 

12 


Muscular 



6 

8 
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literature, has hnl uu‘ to lu‘lieve that siieli a supposition is 
not iu‘eessary.'^ 'rhen‘t*on‘ it is tlu‘ pui‘pose of! this see.tion to 
explain tht‘ Imsie motor (*omph‘X whieli t‘mihlt‘s tlu^ unpnu'tieed 
left hand to prodne(‘ a skill t'nl, antotuatii* rt*vt‘rs(‘(l seript. 

In this s(‘etion, I shall trt‘ait only t)f this physioloj>:ieal aspeet, 
and not oF tht‘ psyeluvphysiolofrieal wludt*, wlTudi will he rt‘aehed 
only at tin* end oF the m‘Xt seetion. 

As an ohst‘rvt‘d Fatd, then* eain he no (pu'stion of tlit‘ ability 
of th(‘ normal man to extrntt* t‘itht‘r (‘(mseiously or nneon- 
seionsly assoeiated i!u>vt*ments, that is, symmetrieal aeeom[)any- 
in^ movtnnenfs. As I liave alrea<ly noted, tin* exa<*t eentral 
eompl(‘X involved in such mov<*menls yet remains a matter of 
eonjeetnre. IIoW(‘ver, 1 slumid Fet*l that this pap(‘r were ineom- 
plete did I n<d ex[)ress an (»pi»uon as to tin* nature of what is 
{*vid(‘ntly a firm or‘i:anie basis For these mov<*nn‘nts. 

Tliis (ipiniiHi is, that in every instanee oF stimulation ot a 
n(‘rvt‘ on oiu* side of tin* luuly (primary stimulus) tin‘rt‘ is, by 
the arrana’tmient of the eentral paths, opportunity afforded for 
stimulation oF tin* (*orr<*s[»on<linjr nerve tm tin* oppositt* sidt* (d’ tln‘ 
body (s(*eoinlary stimulus}. It will thus o(*i*\ir that the j^’raphie 
repres(*ntal i(m oF the se<‘ondary stimulus will be an t*xaet mirror 
repliea oF the j^raphie aj>p«*arain*e oF tin* primary stimulus. 
Aeeordin^ly all symmetri(*al movem<‘nts may In* tra<*(‘d ulti- 
mately to a sinj*:le brain area. From this area, tin* mot(»r e(»m 
ph*x oF the si<|i‘ primarily intended be aetivi* rt*(*t‘ives its 
stimulus. Tin* oj^posite side is stimulated ton lesst*r dt**»:re(‘ eilln‘r 
by its dire(*t eonnet»ti(m with tin* priinary an*a ; or in<lirt‘etly 
by its eonins'tion with tin* opposite motor <*<auplex ; probably 
both means are availabh*. For tin* purp<}se <if mirri^r vvritintC it 
is most e(}nvenient to assumt* the truth of tin* sei'oml Hlt<*rna- 
tiv(* that the <*onni*etion is b<*tween tin* motor i*ortit*es. throuj^:h 
tin* <*ori)us eall(»sum. Fvi<lenee in fav<»r of this eontenti(}n may 
he, summarized as follows: 

'*'Pnh*8S, of {‘oura<*, one !»* <Ievt*Ioi»ea ii.y urttvlive of fin* left arm. 
which Is evl<lently not tin* ens«* In .snoutuneous h‘rt humh*<l mirror 
wrltiiu?, which occurs .suddenly, and wlthotii fon*thou>i^ht or pnictlcc. 
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(1) In tlie first place, the tendency of modern physiology is 
to attribute to at least those parts of the brain herein consid- 
ered, the function of an ‘^exchange board'' rather than those of 
a ‘ ‘ directing monarch ' '. 

(2) Muscular, or kinesthetic, or deep sensibility is mediated 
by the rich supply of afferent (sensory) nerves distributed to 
voluntary muscles, tendons, ligaments and joints. The impulses 
carried by these fibres to the brain are necessary for the proper 
contraction of a muscle, and especially for any co-ordinated 
movements. Indeed, section of the posterior spinal roots con- 
taining the nerves from any region is followed by a loss of con- 
trol of the muscles of this region hardly less complete than 
section of the motor roots. The muscles are withdrawn from 
voluntary control in spite of the maintenance of their normal 
motor connections.^^ 

(3) Within the central nervous system, the fibres of muscu- 
lar sense in part pass by the median fillet (sensory decussation) 
to the cortex of the opposite side. They end in the postcentral 
gyrus. This cortical sensory area is connected by association 
fibres with the motor areas of the pre-Rolandic convolution. By 
this arrangement, a reflex arc is formed. The co-ordination of 
this arc with other areas is necessary for the act of writing, as 
it is for the completion of any voluntary movement. 

(4) When voluntary movement is undertaken, there must be 
some definite condition to fulfill or satisfy by that movement. 
It makes no difference if the condition is the highly co-ordinated 
act of writing, or if it is some relatively simple act, such as a 
gesture. The ultimate mechanism is identical. One becomes 
aware that a certain movement should be made, which is suf- 
ficient to start the act. Then by differences in the deep sensi- 
bility of the various parts affected, and co-ordination of ex- 
changes of these various stimuli in the brain, we get the move- 
ment completed. 

(5) Let us suppose, somewhat schematically, that an impulse 
is sent from the so-called writing center (center for memory 
of motions entailed in formation of written language) which 
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should result in the formation of a letter. Possibly the move- 
ment could be started, but even at its birth the co-ordination 
would be snuffed out, and random movements at best could 
follow, unless the motor area is stimulated by the afferent mus- 
cular sensations. Sufficient proof of this phenomenon is afforded 
by breaking the circle on the sensory side. 

Writing is the sum of a number of simple signs. For in- 
stance, when forming the letter L we have grown accustomed 
to certain kinesthetic sensations resulting from a downward 
and outward stroke. These sensations, or stimuli, are necessary 
for an external expression of the central memory. And an L 
is never made by an inward stroke — ^which gives radically dif- 
ferent muscular sensations from an outward stroke. When the 
point is reached where the horizontal line should commence, its 
direction is either outward, or the movement stops, whether the 
left or right arm is being used. By virtue of this assumption, 
reversed writing will be the logical result of a left-handed 
attempt at written speech. For only this style will afford kines- 
thetic sensations which agree with the usual writing of the right 
hand. The most likely inference to be drawn from this observa- 
tion is the participation of a single writing-centre common to 
ordinary right-handed writing and to left-handed mirror writ- 
ing. The motor impulse originates in this single writing-centre, 
and is transferred either through the motor emissary of the 
left cortex to the motor emissary of the right cortex, or directly 
to the motor emissary of the right cortex. The former seems 
more probable in cases where there is no lesion of the left cor- 
tex, by analogy to more general cases of associated movements. 
The latter must be admitted as a possibility to account for the 
transferrence of impulses in those cases where there is a lesion 
of the left cortex (right hemiplegia) ; for the writing-centre, 
being but a specialized part of the general motor apparatus, may 
be supposed to be as intimately connected (by the corpus callo- 
sum) with the opposite motor cortex as is the general motor 
cortex. 

Or we may approach the question in another way. The fact 
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itself of the rich commissural connection of the two motor cor- 
tices would tend to detract from the hypothesis of the additional 
centre, hy lessening the necessity for its formation. We will 
consider, first, that the greatest tendency for the hands to move 
sympathetically with rhythmic motions is in involuntary move- 
ments.*®® Second, the tendency is only slightly less- 

ened when one hand follows involuntarily the conscious (but 
random) movements of the other. Third, most conscious move- 
ments are not accompanied by a visible muscular contraction of 
the opposite part. Although the crossed innervations do not 
function, they are nevertheless potentially emitted by the ulti- 
mate motor source of the movement with only functional dimu- 
nition of power, as is demonstrable. Instance the ease with 
which associated movements may be consciously made. Fourth, 
'we have no experimental ground for supposing these simpler 
transmitted movements to be interrupted at any place before 
reaching the motor area of the opposite side. Quite the opposite 
is indicated by the difficulty we encounter in attempting to make 
synchronous movements which do not correspond. Fifth, the 
simpler impulses being crossed by such a direct method, it be- 
comes needless to assume the far more cumbersome complex of 
an added station so complicated in nature as a writing-centre. 

A readier appreciation of the real simplicity of mirror-writ- 

*In this connection, I cannot refrain from mentioning a few primi- 
tive examples of symmetrical accompanying movements. When the 
corpus collosum is directly stimulated from above, symmetrical move- 
ment on the two sides of the body may be obtained. Another inter- 
esting illustration is given by a case of Kraft-Ebing's [42 p. 29]. The 
patient is hypnotized and a figure, as K, is placed on one side of the 
body and suggested as hot; a blister is raised at this area, and also a 
symmetrical and reversed blister on the opposite side. Yet another 
example is found in the “scratch reflex”, “cross-extensor reflex”, 
etc., of Sherrington.€2 if one leg of a dog, for instance, be stimulated, 
the homonomous leg makes scratching movements, while the opposite 
leg presents slight steady extension, with some a'bduction. Now, the 
extension is a protective measure to support the animal on three legs 
while the fourth is scratching. We, therefore, have aMuction common 
in both legs. I have found that certain variations of this experiment, 
such as placing the animal on its back or side, may result in faint 
scratching movements of the opposite leg. The fact that here we deal 
with an overflow spinal reflex in no whit detracts from the value of 
the analogy, for writing itself depends upon a reflex arc, which we 
may suppose to be connected with one higher centre, as here indicated. 
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ing will be felt only by grasping the similarity between uncon- 
scious corresponding movements, semi-voluntary corresponding 
movements, and highly complex corresponding movements, as 
shown by the above brief summary of observations on sympa- 
thetic motions. That is to say, any movement of one side of the 
body is accompanied by a potential symmetrical impulse to the 
corresponding part of the opposite side. This is a physio- 
logical or anatomical provision. The functioning strength 
of the impulse varies with the psychological state or con- 
dition of the individual. Thus a writer has only to 
learn the knack of disengaging and occluding the stronger 
functioning paths and letting the impulse function along 
the weaker paths, to have the usually non-functioning 
impulse result in a skilled movement of the so-called unpractieed 
side. In other words, the table is turned, and the one system 
now occupies exactly the same position formerly held by the 
other. With this manipulation fully accomplished, the visible 
accompanying movements of the right hand become unnecessary 
for a fluent mirror-writing by the left hand. With a lesser 
degree of dissociation we have the characteristic mirror-writing 
that occurs in simultaneous writing with both hands, the atten- 
tion being directed to the right hand while the left hand trails 
along semi-automatically. Or, simpler still, writing simulta- 
neously on both sides of a sheet held in front of the body and in 
the sagittal plane. 

There are additional objective phenomena confirmatory of 
the absence of the secondary centre. Those that are based on 
synchronous writing are so easily verified that I need scarcely 
more than mention them to have their bearing appreciated. It 
is easy for the average reagent to reverse his right-handed 
writing if his attention be given to his left hand while this left 
hand is forming normal writing. All the peculiarities and 
superfluous stroke, characteristically made by the left hand (e. g. 

CG, for the usual right-handed formation ) 

will be faithfully copied in reverse by the right hand (i. e. 
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r-, r-x r\ 

KJ ) it is practically impossible for any 

reagent that I have dealt with to write different letters syn- 
chronously. 1 have myself attempted this repeatedly but have 
acquired little, skill in the performance. 

I repeat that I am unable absolutely to refute the possibility 
of the additional centre in the writing complex. I have there- 
fore collected a mass of evidence both for and against, and have 
formed from this my judgment. Thus, it might be that every 
movement of one side of the body is accompanied not only by a 
potential, but by a feeble symmetrical impulse to the corre- 
sponding part of the opposite side. By constant repetition, as 
in writing, the paths conveying these impulses would become 
more easily traversible — ^paths, in fact, that would be defined 
in exact proportion to the practice of the functioning side.* In 
this way a centre might become sufficiently formed to control 
left-hand mirror-writing in case of lesion of the left brain. Yet 
it would seem that even if such a supposition were tenable the 
centre need not be located in the right brain, since symptoms 
of apraxia on the left side in injuries to the corpus collosum 
have been reported, in which there was no lesion of the right 
cortex p. 229). Again, it is usually the uneducated right 
hemiplegic who resorts to mirror-writing. Did an additional 
centre control left-handed mirror-writing, one would expect 
exactly the opposite, for the centre must be developed in exact 
proportion to the practice of the right hand at ordinary writing. 

It seems to me that the best argument for the bi-lateral repre- 
sentation of the writing centre is that the faculty of mirror- 
writing has i]i rare eases been suddenly assumed by the left 
hand after paralysis of the right hand due to central lesion. 
The assumption in many instances has been that the central 
lesion has involved and destroyed the writing-centre of the left 
hemisphere. However, there is some doubt cast upon the loca- 
tion of the writing centre in Broca’s convolution, as has been 
shown by some recent work by Marie. I know of no cases of 


*See footnote on page 246. 
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mirror-writers, where to conclude from post-mortem findings, 
or from the study of aphasics or hemiplegics, that the writing 
centre, as such has been destroyed would not become extremely 
hazardous. 

The writing-centre is a motor memory centre, developed by 
practice, and causing the formation of writing to be an auto- 
matic rather than an attentively controlled process. Yet it is 
never so automatic as even such complex acts as reading and 
speaking. It is superior to the motor area of the brain, in that 
the motor cortex is merely the emissary area, or the connection 
between higher centres and motor nerves. The writing-centre 
was originally identical with these higher, intellectual areas, 
but has become in a sense detached from them, and reduced to 
a unity by the forces operating to make it a physiologic sending 
station, requiring the least possible participation of the higher 
centres. Were the writing-centre alone destroyed, the patient 
might again learn to write as he did in the beginning. Clearly, 
the left-hand writing of such an individual would not be mirror- 
wise in any greater proportion of cases than the left-handed 
writing of the perfectly normal right-handed individual or of 
the right-handed child, who when asked to write with the left 
hand scarcely ever reverses. The only difference between this 
case and a right hemiplegia supposed to involve the writing 
centre, is paralysis of the arm. And in fact but a very small 
proportion of right hemiplegias are accompanied by mirror- 
writing. These cases in particular have been cited as evidence 
of destruction of the left-brained writing-centre. But then, may 
one not ask why the normal individual when using the left arm 
is not just as dependent upon the centre of the right brain as 
if the centre of the left brain was destroyed? In other words, 
use of the left arm should imply dependence upon the opposite 
centre, which means mirror-writing, whether or no the centre 
for the right hand is destroyed. Should the use of the right leg 
be preserved in a hemiplegic mirror-writer and the patient be 
unable to write rightwards fluently and automatically with this 
limb, it would be strong presumptive evidence that only one of 
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two writing-centres was destroyed, bnt I have never heard of 
such a ease. 



C. W. S. Centre for motor memory of written speech, which is 
identically related to kinesthetic sensations from either side of the 
body, those from the left arising from the movements of mirror 
writing. 

M. E. Motor emissary of left cortex. 

Mi. Ei. Motor emissary of right cortex. 

D. L. Decussation of lemniscus. 

D. P. Decussation pyramid. 

a, d, c. Graphic demonstration of musculo-sensory innervations of 
right arm, which are correspondingly related to a,-, 6i, Ci, of the left 
arm, and to the commissural impulses an, ha, cn. 
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All this leads to the conclusion that mere paralysis of the 
right arm has very little to do with mirror-writing. The pre- 
sumption that mirror-writing depends upon the retention of the 
single writing-centre is therefore more logical than the assump- 
tion of an additional centre to account for reversed writing. 

In the schema on p. 236 the idea embodied in the above dis- 
cussion is summarized. 

For the motor fulfillment of the act of writing we may sup- 
pose two essential steps : the first and lowest is the simple reflex 
arc, involving the motor areas ; the second forms the connection 
between the writing-centre and the reflex arc. In associated 
movements in general, the primary impulse is received by but 
one motor cortex. From here a secondary impulse is trans- 
ferred to the motor cortex of the opposite side. Mirror-writing, 
being but a specialized instance of associated movements, may 
be expected to follow this course. Destruction of the writing- 
centre will cause a loss of the faculty of habitual, or automatic 
writing, both by the right and left (mirroring) hand; but does 
not prevent the regaining of the ability to write by again 
repracticing the art with either hand. 


2. The Psychological Factor in Mirror- Writing 

The fundamental physiological relations which make of asso- 
ciated movements the simplest response to a bi-lateral stimulus, 
points to the validity of the conclusion of Buchwald;^® Yogt ;®® 
Durand;-^ Nicolle and Halipre;^- Ballet;® Meige;^® Figuera;^® 
Laprade^”^ and many others cited herein, that the reversed style 
is the normal writing of the left hand. May one not ask, then, 
why mirror-writing is ]iot the universal style followed by the 
left hand? Why is left-handed reversed writing not the rule 
rather than the exception? Were it not for some inhibiting 
influence, one would expect this to be true in the majority of 
eases. By a study of the cases adduced in the literature, I 
was led to the belief that this inhibition could be removed by 
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experimental methods. The nature of this psychological factor, 
and its relation to the experiments just reported, is set forth 
in this and the following section. 

If you will recall the example of the letter L (given on 
p. 231), it was stated that the horizontal line will either be 





Si 


Sii 

a 

di 


dii 

dm 

div 

dv 

V.S. 
V. P. 
A. A. 
M.E. 

c. w. s. 

Mi. Bi. 


Connection between visual area and motor emissary of left 
brain. 

Connection between visual area and motor emissary of right 
brain. 

Emissary fibres from left brain to right arm. 

Commisural connection between writing centre and motor 
emissary of right brain. 

Emissary fibres from right brain to left arm. 

Connection between the association area and the motor 
emissary of right brain. 

Connection between association area and writing centre. 

Connection between visuo-psychic and association area. 

Visuo-sensory. 

Visuo-psychic. 

Association area. 

Motor emissary of left brain. 

Center for written speech. 

Motor emissary of right brain. 


Modified from Lickley. 
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continued outward, or will not be drawn. The latter alterna- 
tive will exist only if the former process is interfered with by 
our higher conception of what an L should be, i. e., how it 
should appear when on paper. With the visual significance 
of the anticipated movement as guide, the line will certainly 
be directed inward, supposing that the left arm is being used. 
By the inclusion of this element, embracing the ‘visuo-psychic,’ 
‘visuo-sensory’, and ^association’ areas, the provisional diagram 
on page 236 may be completed as in the figure on page 238, 
opposite. 

To write from left to right with the left hand implies that 
the activities of the paths Su, dir, dr, dm, {Si, di are in- 
volved in the process, but to a much less degree) must be 
abnormally increased to the complete minimizing of the grapho- 
motor control as described above.* 

Since the grapho-motor control is the simpler and physiolog- 
ical control, and is provided for by the arrangement of the 
central motor complex, I maintain that rightward writing by 
the arm on the same side of the body as the writing centre, is, 
usuallyt of the character of drawing, as contrasted with that 
of writing. For by ‘‘writing” I understand the smooth, easily 
fiowing, spontaneous, nearly automatic series of movements 
which through training follow each other without the necessity 
of direct participation of the conscious or intellectual centres 
at whose instigation the process originally arose. Entirely the 
opposite of this facile, I might almost say unconscious, sequence 
is the labored, sometimes painfully conscious, visually super- 
vised and poorly executed left-handed rightward “drawing”. 

*See Part III, Section 1, pp. 227 ff. 

t“Usually” refers to the occasional use of the left arm (or the right 
arm in the left-handed individual), to distinguish this condition from 
the persistent left-handed rightward writing following permanent 
injury to the right arm, or the sensori-motor arc, and in which there 
are two possibilities for the writing to become automatic: first, the 
gradual formation of a new centre under the infiuence of constant 
practice controlled by the visual areas; or, second, the persistence of 
the more complex “drawing paths”, including the participation of the 
old writing-centre, which by practice becomes semi-automatic. The 
end results are identical. 
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The impulse from the grapho-motor apparatus which, if unre- 
stricted, would cause a left-handed mirror-writing, suffers by 
its reversal ; by the addition to it of various impulses from the 
visual and association areas; and by the interference with the 
free passage of the impulses occasioned by the participation of 
the same higher centers which made possible the birth of the 
writing centre. Conversely, left-handed reverse '^writing'’ 
would occur in direct proportion to the degree of suppression or 
inhibition of the interfering paths, from the visual and associa- 
tion areas, or — ^what amounts to the same thing — ^with the 
increasing canalization of path du 

We must remember that the visual complex predominates 
as an absolute control” only in left-handed left-to-right writ- 
ing. Using the right hand, we may attempt all sorts of con- 
fusions on the visual sensations, but they will never usurp control 
from the automatic habitual control of writing. This circum- 
stance is well known by the following experiment : Place the 
right arm on the desk in a position for writing; then curve it 
inward, at the same time throwing the shoulder forward 
until the hand points toward the mid-sternal line of the body ; 
a completely inverted writing will now be found far more 
natural than writing which to the eye appears normal. Only 
the legibility of our ordinary’- writing depends to a very great 
extent upon the \nsual stimulus. Thus, for proper spacing, 
for alignment, for the equality of letters, to avoid losing the 
way when in the midst of a word and so misspelling it; in 
general, for purposes of orientation, sight is quite necessary.®® 
But this direct visual guidance may be dispensed with, although 
the central memory and the sensor i-motor arc are indispensible. 
An observation of no little significance is that we regard the 
letters just written, and do not follow the movements of the 
fingers or of the pen point in tracing individual signs. Here 
is the most obvious distinction between the external visual con- 
trol, and the ‘'internal writing”, as it has been termed. The 
former immediately follows, the latter immediately precedes 
the writing of the letter p. 61). 
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There is, as I have indicated, one type of mirror-writing 
which is purely automatic. For obvious reasons, it is this type 
of mirror-writing which most interests us. But there are two 
other controls which may influence one to a reversed writing. 
One is the voluntary" visuo-muscular transposition of the motions 
made in forming the letters in reversed form. The other is the 
confusion of the lateral relationships of objects in space. These 
three control factors may be combined in any proportion; but 
each, if present as the major influence, will result in the produc- 
tion of a type of mirrored lettering that is distinctive. 

The second type of control, then, occurs when one voluntarily 
endeavors to reverse his writing. If the condition extended no 
further than the conscious and attentive endeavor, it would 
have little to do with my problem, which is concerned primarily 
with the automatic reversals of the left hand. For until one 
gains some confldence in the use of the left hand ; that is, until 
he has practiced writing somewhat with the left hand, this 
attentive form of reversal may be executed almost as well with 
the right hand itself. However, one should remember that here, 
as in every instance where a right-handed individual writes 
mirrorwise with the left hand (or vice versa) the mechanical 
or commissural flbres have been ‘‘trained’’ by the practice of 
the right hand. As one practices left-handed intentional mirror- 
writing, he feels the influence of this factor in a constantly 
increasing degree. He soon realizes that left-handed mirror- 
writing is far easier than right-handed mirror-writing. And 
before long he regards left-handed mirror-writing as easier than 
left-handed rightward writing ; that is, the mirror style requires 
less attention, and is therefore more freely and rapidly written. 
However, without this preliminary practice one finds it practi- 
cally impossible to dissociate what I have termed the psycho- 
logical factor, or briefly, the attention, without the use of such 
artificial methods as are described (on p. 215 ff.) with the experi- 
mental relations. But when such devices are used, the mirror- 
writing is probably no longer attentively controlled, but is of 
the nature of an automatic reversal. For the same reason, 
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attentive or intentional left-handed reversals which have been 
practiced are to be regarded as having passed more to the 
automatic class of control. • 

This may be of interest, in that a possibility is suggested 
for the mode of origin of some cases of pseudo-spontaneous 
mirror-writing. It does not seem improbable that some people, 
through some whim would practice reversed writing. Finding 
this the most satisfactory style, both in ease and quickness, they 
might persist in its use till the conscious transposition of the 
images became unnecessary; that is, until the process has been 
relegated from the more essentially attentive to the more essen- 
tially automatic systems ; until, in a word, we have an automatic 
reversal acquired through practice, which step is usually 
omitted. 

The third type of control for reversed writing is contrasted 
in every way to the second type; it is due to confusion of the 
lateral relationships, and is for this reason always of a frag- 
mentary character where unassociated with the other controls. 
Hale and Kuh^^ have called attention to the fact that this 
type of reversal is almost universal with the right hand of normal 
children of a certain age. Considering only the element of 
confusion, one would expect that the proportion of reversals 
by the left hand would be slightly higher with the same children, 
due to a greater disorder experienced in writing with the left 
hand the same confusing lines that are so often misdirected 
under the more favorable conditions of right-handed writing. 
We must not fail to consider, however, that as left-handed 
reversals are always aided by the physiologically crossed motor- 
complex, the left hand is more prone to this, as to other types 
of reversal. If this process of confusion be exaggerated suffi- 
ciently, the influence of the crossed automatic paths in contrast 
to the influence of the paths of attentive control will be so 
great that the fragmentary left-handed reversals will become 
complete, and a true automatic mirror-writing will result. 

The left-right relations of objects in space are extremely 
elusive. They are acquired last and with most difficulty, are 
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hence easily confused in the process of learning and are the 
first to be lost in a process of spatial degeneration. Instances to 
the point are legion, and one has but to try an habitual movement 
before the mirror, or to watch a squad of recruits in facing 
movements to be convinced. On the other hand, above-below 
relations, being more fundamental, are rarely confused, which 
would explain the fact that spatial confusions of writing are 
so seldom^those of fragmentary inversions. We may well expect, 
then, the normal right-handed writing of children at a certain 
stage of their development to be fragmentarily reversed, espe- 
cially such confusing letters as 8 and N, Exactly the same 
incomplete mastery would explain the fragmentary reversals of 
uncultured adults. Add to these facts the condition that through 
some (usually central) lesion the left arm must be used by an 
individual who is strongly of motor tendency, and we need not 
be surprised if he is inclined to ignore the confusing, purely 
sensory relationships, and completely reverse his script ; i. e., to 
rely upon the habitual, or motor, complex, rather than upon 
the intellectual complex of writing. 

Conversely, we should expect the educated person, with his 
thoroughly mastered relations, not to be baffled by any condition 
comparable to that above. But what might ensue if this indi- 
vidual (or, as well, the uncultivated person) should combine 
aphasia with the enforced use of the left hand? All forms of 
aphasia, according to Marie, are due to interference with the 
posterior association area. But the only injury that can cause 
pure motor aphasia is injury to the lenticular nucleus. Motor 
aphasias are therefore due to a combination of cortical injury 
in the posterior association area (aphasia proper) and a sub- 
cortical injury (anarthria). As a corollary to this, aphasia is 
always associated with an impairment of the intellectual powers. 
Now, would it be assuming too much if the mirror- writing which 
follows hemiplegia were attributed to a similar circumstance? 
We should remember that mirror-writing but rarely follows 
cases of hemiplegia involving the left hemisphere. It may well 
be that the lesion in these exceptional instances is essentially 
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similar to a circumseribed aphasia. Or, at least, the lesion might 
cause disturbances comparable to a functional dissociation of 
the attentive from the automatic controls. Unfortunately, I 
have had an opportunity of studying only two cases of hemi- 
plegies who could write at all. Both of these patients were 
confined in an institution for the insane. It would be unsafe 
to draw any conclusions from the fact that one would write, 
with the left hand, only in the reversed style, though the analog}^ 
is startling. My reasoning is therefore entirely a priori. 

The '^normaU’ or abnormal’’ significance of mirror-writing 
forms a question of no slight importance. In attempting to 
decide it, I have been confronted with the ambiguity of the terms, 
which are apt to lead to some confusion. In ordinary writing, 
ideas are converted into the form of words which are transferred 
to the motor system and expressed as written speech. But writ- 
ing with the hand not accustomed to writing is a novelty, and 
as such brings into play additional elements such as increased 
attention, which are ordinarily sufficient to influence the writing, 
in order that it may be legible to the writer. If these factors 
are prevented from increasing, or are reduced below the level 
they occupy during ordinary writing, the crossed motor complex 
may express itself in the form of mirror-writing by the hand 
accustomed to writing. However, one can not suppose that a 
novel event such as left-handed writing could occur normally 
uncombined with increased attention, unless the other extreme 
— dissociation — ^is reached. The fact that one appreciates this 
use of the left arm as something new or unusual focuses his 
attention at once upon the act. If not, something abnormal is 
indicated. And the attention, we found, is of first importance 
in reducing the probability of a reversed script. If, however 
because of the presence of the crossed motor complex, we agree 
that mirror writing is ‘‘normal” to the left hand, we mus' 
consider the inhibition of this property by the attention ai 
“abnormal”. Hence the answer to the query depends upoi 
which of the processes we choose to call the “normal” control 
My experience has led me to consider both the reversec 
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and the ordinary script, or neither of them, to be ‘'normal'^ 
and for the following reasons : 

(1) Mirror-writing is for the left hand the simplest, most 
direct, and essentially the automatic motor expression, involving 
oyily the primary central motor apparatus. It is, therefore, the 
‘ ‘ normal ’ ^ motor automatic script. 

(2) But the fact of its ‘‘abnormaF’ appearance, both to 
the eyes, after it is written, and to the perception of the writer 
during the act, makes it a distinctly abnormal’ ’ entity. 

(3) Left-handed rightward script will, according to the 
above, be ^'normal” for the higher centers, and ^‘abnormal” 
for the habitual crossed motor apparatus. 

(4) The knack of mirror-writing can be acquired with facil- 
ity by anyone. Yet of this latent power the vast majority of 
mankind is unaware. But one may not argue that the ease 
of its acquirement constitutes normality for a process. Nor can 
we suppose that the rareness of a thing makes it abnormal. We 
may say, however, that during the periods of acquirement, we 
deal with an abnormal” process, which becomes ‘‘normal” 
when the higher attentive control is dissociated with ease and 
habitually. 

(5) There can be no doubt of the normality of a certain 
percentage of fragmentary reversals by the left or right hand 
by children and by unlettered adults. The confusion of the 
lateral relationships occurs quite naturally in the course of 
development. They are more “normal” than are experimentally 
induced reversals, or than “normally” occurring complete rever- 
sals, because the dissociation is but mementary, is less complete, 
and the writer is unconscious of the reversal, at least until after 
it has been recorded. 

I would say that the fundamental perviousness of the auto- 
matic as against the attentive paths is so much a matter of indi- 
vidual idiosyncracy that no line may be drawn between the 
physiological and the pathological. The one extreme — namely, 
fragmentary reversals and practiced, intentional, mirror-writing 
^is clearly perfectly normal. The other extreme — sudden. 
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spontaneous, complete reversals — certainly results only from 
organic or functional lesions having the nature of a dissociation. 
While the apparatus favoring reversals is always present as a 
physiologically normal entity, yet the functioning of the crossed 
impulses indicates, in extreme cases, great nervous disorgan- 
ization. 


3. Experimental Relations 

The simplest experimental verification for my argument is 
the ease with which subjects in the hypnotic trance may be 
induced to write mirror-wise. Charlatans have frequently taken 
advantage of so evident a means to impress their audience with 
the supernatural import of some message. Mediums and others 
have, doubtless in all good faith, placed this supernatural inter- 
pretation on their accidental left-handed mirror-writing, which 
is apt to occur in auto-hypnotic trance states. Special directions 
are not generally necessary, aside from insisting upon a left- 
handed response. Appropriate suggestions may at times be of 
aid; for instance, the subject should not be aware that he is 
writing in any but the normal form. And why is hypnosis a 
favorable — nay, the ideal — condition for reversed writing? The 
answer is at once that the response of the automatic mechanism 
is more completely relieved of the attentive control than in any 
other condition. The diffused activity of the brain is limited. 
The impulses, being confined to a restricted area, tend to follow 
faint ‘‘traces” (i. e., crossed impulses are more free to function) 
from which they would otherwise become deflected (by the 
attention) were the content of consciousness larger. All “paths”, 
except di of the schema on p. 238 are occluded by the condi- 
tions of the experiment. For the same reason the “channel” di 
is “deepened and widened”.* The writing will be reversed 
because of the identical muscular relation between it and normal 
writing by the right hand. Ordinarily, this relation is disturbed 
by the interference occasioned from the visual centre. Ordi- 

*T]ie assumption of these brain-conditions is supported by Rob- 

ertson.68 
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imrily thereforo, the patli di does not fuiudion as one simple 
link between the writing etmtre and tiu‘ nuiseh‘s of the left arm, 
similar to the eorrespoiidinjjc link for tln‘ ri^dit arm. 

No less striking is tlu^ eiT(‘et of et*rtain drugs'^' in faeilitating’ 
the production of mirror-writing. Tluna* may he sonu‘. little 
difiicnlty in handliufr a |)tu*son suHieitmtly infliit‘nc(‘d by the 
substances for our puri)os<‘s, but if lu‘ be prevailed upon to 
write at all with his left hand we may conlidimtly at 

least fragmentary r<*V(‘rsions. Thus, one who was in just the 
proper state of advanct‘<l aleoholie intoxication refus(‘d to 
move his h‘ft arm in auiy but the rt'vtu’sed direction.* Other 
subjects, more m(»<lt‘rat<» in tindr [>otations, exhibit(‘d h‘sser 
inclimitions to revtu’sails. In fjict, the < 4 :rc‘jiter numlau* of any 
tests indicated ai <lirect relation betwetui the <h‘^r(‘<‘ of intoxica- 
tion auul the t*xtent of the leftdiandial n‘Vt‘rs(‘d rt'SjHmst^s. 
Th(‘ mon* aidvaiiUMul intoxieati<m faivors coanphdt* revtu’sails, 
whih‘ in the h'ss com[»let<» <if intoxicati(»n then* occur 

few or no reversails, even of ai fra^iaientairy clmracttu*. Tin* 
most saitisfaictory staijjce, all c<msi<lered, is on<* in which tin* 
shiftinji: of tin* tw<» eonditi<ms obtains. One maiy Ht*<* lH*aiutiful 
illustrations <if the nh*e bailainet* betwt‘t*n tin* two control fac- 
tors thait tliis staite faivors; ait one moment the muscular re- 
spons(*s ana* maiinly governed by the graphomotor stimuli; 
tin* next monn*nt, tin* patient reailizes that tln‘r(‘ is some* 
tiling amiss and ait tempts to correct tin* (‘rror. Tln‘n* is am 
instant of <*onfusion aic(*ompanic<l by raindom, in(h‘tinitt‘, 
motions of tin* arm. Tln‘n the subjet»t pitln*rs his scattt*n*d 
wits, conn*ntrntes his att<*ntioii up<m tin* task of makini^ in 
intelli^ibh* siji:ns. aind for a lon^4*r or a siiort(*r tinu^ actually 
a(lln*r(*s to t his design, 

Kth(‘r aiud (‘hloroformt prt*s(»nt csscntiailly tln^ saint* 
I)h(*nom(*na. In aill of the druK tests I wais most careftd to 
avoid any sug|<t*Htions whieh mi^ht b*aid tin* suhjmd. to suspect 
tin* purpost* of tin* t*xp<‘riment, as tin* mt‘ntal eornlition under 

♦See p. 217. 

tSet^ p. 219. 
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these drugs is one which lends itself readily to suggestion 
These drugs are all narcotics. As such, they inhibit the pas 
sage of impulses through the central system, the formatior 
of associations and of traces. “Obviously’’, says Robertson^® 
“such drugs must tend to limit the field of consciousness tc 
the regions most vividly stimulated . . What could b( 

more favorable for our purpose ? By inhibiting the passage of im 
pulses, it would result that the commissural traces, being already 
formed, in however slight degree, would be more easily tra 
versed than the potential link with the visual area. The forma 
tion of new associations is more essential to impracticed left 
handed rightward writing than to mirror-writing. This is sc 
apparent as not to need comment, I think. With the initia 
attempt at left-handed centripetal writing, new “traces” inusi 
be formed, w^hereas we may see that “traces” conducive to left 
handed mirror-writing exist, with the practice of the righi 
hand. Lastly, we have the field of consciousness limited to the 
left arm and the writing mechanism, i. e. the endeavor ii 
notably motor, as the higher, the attentive, fields are the firs“ 
to be depressed by the drugs. 

The action of Cannabis Indiea* is peculiar to our problem 
It has long been regarded as especially facilitating the passag< 
of impulses through the central nervous system. If one wer< 
a practiced mirror-writer, and it were suggested to him that In 
should use only this style with the left hand, then mirror-writ 
ing under the influence of this drug should be extremely easy 
This, in truth, was exactly what occurred when I ate the hemp 
But an entirely different set of influences intervenes if tin 
impulses are not directed into the mirror-writing “paths” b^ 
some such forces as those operating in my case. The activitie! 
of the higher, attentive, or intellectual parts of the brain ar< 
increased. We should expect, then, to have the “drawing’ 
paths for the left-handed centripetal writing more intimatel;^ 
connected with the motor area of the right cortex, in view o; 
the fact that all paths are more easily traversed. However, ii 


*See p. 218. 
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the two cases I have been able to test, I gained, in one, almost 
a pure mirror-style with the left hand. The other showed con- 
siderable confusion, but w^rote mirrorwise in but a small per- 
centage of trials. No doubt the explanation lies in the peculiar 
dissociative action of Cannabis Indica. In the classical descrip- 
tion of the action of the drug^^ the individuaPs attention is so 
occupied in observing the flights of his imagination, possibly 
revelling in the visions, or in analyzing his state of conscious- 
ness, that the motor part is left largely unhindered by the 
usual attentive supervision. My hypothesis is that under pre- 
cisely these conditions there will be a relatively stronger predi- 
lection towards mirror-writing than towards rightward left- 
handed writing. 

An abrupt transition to the survey of the less evident causes 
of dissociation is instructive. Perhaps the most impressive 
example of this sort is the sudden reversion of adults which 
may follow functional loss of the right arm. Hemiplegias have 
been fruitful in calling the attention of observers to mirror- 
writing. Instances of injury to the right arm have been noticed 
to precede reversals. Merely intense occupation of the right 
arm favors synchronous mirror-writing with the left arm. Wit- 
ness the case of the telegrapher who often jotted down messages 
with his left hand, while tensely operating his key with his 
right, and who was frequently surprised at finding the written 
words reversed.®^ I have personally questioned forty telegraph 
operators, and found that not uncommonly, under similar con- 
ditions, many of them have noticed confusion in their writing, 
though not all of them were sufficiently interested in these con- 
fusions to remember them definitely as reversals. Now I have 
found, both in the published cases and by personal experience, 
that there is a direct ratio between the intellectual control and 
the amount of dissociation necessary to bring about mirror- 
writing. If one glances over the conditions which favor the 
spontaneous occurrence of mirror- writing* he will observe that 
there is supposed either a low grade of intelligence or a disturb- 

*See pp. 201-202. 
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ance of the higher faculties. And this we might expect, for 
there is less to dissociate in the unintelligent. That is to say, 
we have two grades of intelligence to both of which writing is 
common, and both of which possess, therefore, the ability to 
write mirrorwise with the left hand. The circumstance that the 
left arm gains in skill in direct ratio to the practice of the 
opposite arm, i. e., to the development of the writing centre in 
the left cortex, will, of course, be more favorable to a better 
mirror-writing by the higher intelligence. But this is rendered 
relatively unimportant by the greater corresponding increase of 
the psychological content and training, which is directly antago- 
nistic to mirror-writing. There will be, therefore, a greater 
number of conditions favoring an unintelligent mirror-writing. 
Conversely, it will be most difficult to induce the highly 
educated writer to reverse, but once this is accomplished, 
the reversals will be much more legible, complete, uniform 
and automatic. This is apt to be true because to get auto- 
matic left-handed writing at all we must attain more nearly 
that ideal property of dissociation and suggestion which is most 
favorable to mirror-writing. Whereas, in the unintelligent a 
much lower degree of dissociation and suggestion, both relatively 
and absolutely, will suffice. For we find that the higher we go 
in the scale of intelligence, the more is the purely motor expres- 
sion of brain activity subordinated to some form of expres- 
sion more compatible with cultivation. Mirror-writing is not 
ordinarily a thing which seems to intelligence to be expressive 
of beauty or usefulness, and is, therefore, unless by some whim 
or perversion, not tolerated. 

But if the higher intellectual content can inhibit mirror- 
writing, then a reversed vision should aid in the production of 
re'^^ersals, for vision is a most important guide to motor expres- 
sion of the psychic areas. However, the data I obtained was 
absolutely contrary to my expectations.* With the inhibiting 
visual field converted into a support of the commissural paths, 
the subject ought soon to orient himself, and plunge boldly and 


*See pp. 226-228. 
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naturally into centrifugal writing with the left hand. But the 
reagents calmly ignored the visual element, and wrote een- 
tripetally with the left hand; and when they attended par- 
ticularly to visual control, only confusion resulted, with nothing 
so much as indicating any actual progress at writing. In seek- 
ing for an explanation of these phenomena, which at the time of 
their trial apparently so completely refuted my hypothesis, I 
had the reagents memorize sets of simple figures and then repro- 
duce them with the field reversed. A marked individuality was 
shown in the tendency to reverse the figures. The majority 
of subjects, however, if left to their own devices, reversed but 
few or none of the figures, even witli oft-repeated trials. With 
the right hand, reversals were extremely rare; and when they 
occurred, they showed a tendency to persist after the prism was 
removed. That is, they seemed to be errors of memory rather 
than confusion occasioned by the reversed visual field. Errors 
were more frequent when the left hand was used, and did not 
show a corresponding tendency to persist after the removal of 
the prism from before the eyes. 

We may infer that the ^ ^muscular” remembrance of the right 
hand, of right-handed individuals, is much more certain or 
reliable than the left. Also that the external visual element 
may interfere with, confuse or control the movements of the left 
hand to a greater extent than the right. But the latter factor is, 
after all, only of slight import to the motor memory complex, 
even in such meaningless figures as those used. The confusing 
prism aroused the subject’s attention, warned him to avoid the 
unsafe visual influence and to place his faith in the more 
reliable memory impressions. Muscular action is in imitation 
of the direction of the thought. Herein, I think, lies the reason 
for the control assumed by the majority of subjects in volun- 
tarily reversing their left-handed writing. After the various 
tests, I had every suitable subject practice this style of script. 
The majority sooner or later agreed that it was necessary only 
to keep constantly in mind the necessity for reversing the let- 
ters, or to think of the general writing direction, or to start a 
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letter in a reversed manner, to have the hand complete the 
letter with little or no attentive guidance. The attentive and 
the grapho-motor elements were working hand in hand. It is 
but another step to suppose that without sufficient attention, oi 
with the proper kind of confusion of the attention, the grapho- 
motor complex may take charge and produce a left-handed 
reversed script. 

In the writing of adults with the left hand, I see a process 
comparable in some respects to a certain stage in the history 
of the individual acquisition of written speech. Where a child 
for instance, has just thoroughly learned the appearance of his 
letters, he devotes extraordinary attention to making his copy 
as nearly like the original as possible. The two processes — ^tli( 
visual appearance of the letter, and the tracing of a likeness 
of the same visual form — are so closely linked together as tc 
be practically a unity. I carefully studied eighteen such childrex 
and observed some forty others of approximately the same grade 
of experience, and none of them evinced the slightest inclina 
tion to left-handed reversals. Nor could they be induced t< 
reverse; confusion and return to the usual appearance of the 
letters supervened in every instance that reversing was tried 
In a like manner the adult of average intelligence thinks i' 
impossible to reverse his writing. And if he does succeed, li< 
usually calls upon his greater experience to reverse the menta 
image of the visual and motor ‘‘appearance” of the writing. 

At a later period, the child shows a considerable tendency 
to become careless. Perhaps his joy at having finally mastere< 
the intricacies of graphic language incites him to over-confi 
dence in his ability to write invariably a correct copy. Prot 
ably, too, the preponderating visual control has been somewha 
replaced by the automatic system of writing, which is closel; 
linked on the motor side and but feebly bonded on the visua 
side.*^ It is then quite easy to throw the child off his guard 
and secure whole words in mirror form. I found in a preliir 
inary study of eight children of this age that some simple sul 


*See PP. 238-241. 
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terfuge such as having the child write rapidly two closely con- 
nected words, for instance, ''Berkeley, California’’, or the date, 
(but, between the words, having the paper turned rapidly about 
through an angle of 180° in its own plane), was often sufSeient 
to cause the second word to be reversed.* A specialized con- 
fusion is aroused, with as little introduction of absolute sugges- 
tion as may be. 

It will perhaps be advisable to consider a few of the pub- 
lished cases of mirror-writers which may not seem compatible 
with my argument. Type case: E. M., a paralytic imbecile 
girl of seven years, hemiplegic since birth; when learning to 
write with the left hand, she persistently produced mirror- 
writing.®® Compare such eases of left-handed children learning 
to write with the interesting report of Kingman.*^- A teacher 
injured her right hand. She easily wu’ote mirror-wise with her 
left hand and found it more convenient to give copy to her 
pupils in this style till she recovered. The children used a 
mirror to read their copy. Three of these children were exam- 
ined by Kingman and found capable of mirror-writing with 
either hand, easily and rapidly. There is a ready explanation 
for these occurrences of mirror-writers quite aside from the 
interpretations that might be drawn from the consideration of 
a possibly altered central motor complex. The tendency for 
children to mimic the motions of others is proverbial. I have 
had occasion to observe this inclination in a large number of 
eases. The average child will blindly follow any movement of 
one in authority, thinking, no doubt, that it is all a matter of 
the queer, grown-up idea of propriety, to be adopted without 
question by the child. This is especially true of deaf children, 
who rely more upon vision and who are more apt to subordinate 
other faculties in their endeavor to follow the meaning of their 
instructor. Even more would this be true in the imbecile 
attempting to imitate obvious graphic signs p. 83). There 
have been cases reported where defective sight was associated 
with the mirror-writing of children. In one instance, upon 


*See p. 223. 
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removal of this refiox irritation, the writiiijr at tan*** heeauu 
rightward, and if the eornvtivt^ glasstss wort* rt‘niovt‘(l tin* writinii 
was again mirrorwis(‘.‘‘»‘ 

Now, the centrifugal direction, ht'ing tin* biggest iiiid mt>st 
easily grasped feature of writing, is apt to be st*i/.(‘(l ujaui first 
by the child, especially if sentt‘nct*.s rather than letters are tiseil. 
The child is imitating with Ids left hand a st‘ries of im»tituis mad«‘ 
by the right hand of tin* instructin'. Tht*n, toi», tin* synibi^s 
which the instructor forms hnvt* very little meaning to the t‘ldlil 
who is just learning to write, hetiee Ids reversal of tht‘m will 
have little or none of tin* \inusual in their appeanim*e. If tiu* 
child is allowed to continm* to praetict* the reversed form, it 
will become habitual, which will mean merely that In* has 
learned his letters in r(‘Vt‘rsed f<irm. Ortlinarily this pnu*e.s.s is 
not allowed to continiu* to such an e\treme. < teeasionally tnnv^ 
cvex’, this does occur, as is shown liy si*verHl eases where n*verseil 
writing could he (juiti* fluently rea<l.* As sueh easfs an* ahl*- 
to read ordinary writing, it \v<mld si‘em that tiny have simply 
ac([uircd an additional alphabet cofaplex in their rending 
by which they are enabled to interpret mirn»r w ritirur. It is 
not necessary to assium* a visual disarrang**mi‘nt <»f any sort 
to enable one to n‘ad mirror-writing, sinee all who are able to 
do so either are mirror-writers, or havt* bacl e>;{»eriein*«* with 
mirror-writing. Without this experiem'e, wideh must be qiuft* 
extensive, the person will find it neeessary to ntti his rye baek 
ward over a word, tlius d(*eiphenng every movement as it was 
made when forming each !<*ttt*r. 

The different central n*!ations that might be netii'rd in th»* 
various writing combinations of the U*rt hamlrd, and various 
ambidextrous tests, form a tempting siilijetU. Hut this is a 
question wdiicli I liave been <*areful to avoi<l as tityomt the 
scope of my prohl(‘m. At best, a consideration <if tliesr rela 
lions could but b‘ad us further into the fii4d <»f tin* tiypothetieal. 
irowev(‘r, I may m(*ntion the fidlowdiig as a p(»ssi!»b* esplanatiun 

•‘‘Most congenital mirror-wrlti^rs mii ri*att l♦•vrri»si writifiK Ha 
ently.i-* Most cases are unable to reali/.r ihr reu) us Uttfereiu Ifreiu 
the text.<*'4 
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of why there is a greater tendency for the left-handed child to 
write mirrorwise with the left hand, than there is for the right- 
handed child to write mirrorwise with the left hand. In the 
left-handed, the seat for the development of a centre for written 
speech is presumably in the right cortex. But the child is not 
allowed to use his left hand for purposes of writing. We should 
remember that upon the use of the right hand for ordinary 
writing depends our ability to write mirrorwise with the left 
hand. Now the language-complex in the present case is such 
that we may suppose the writing impulses are carried from the 
right cortex to the emissary area of the left cortex and thence 
to the right arm. An extra step is added. Hence, if the child 
does occasionally use the left hand, this extra step will be 
dropped. His left-handed writing is therefore simpler than 
the left-handed writing of a right-handed individual. Accord- 
ingly there is a greater tendency for the impulses to function 
unaltered in the left-handed child. What seems to me to be a 
confirmation of this opinion is given by Hughes^^ in a report 
upon his own experience. He was congenitally left-handed but 
was taught to write with his right hand. He was troubled for a 
number of years by the difficulty he experienced in so writing. 
Finally he hit upon the device of writing everything with his 
left hand mirrorwise, on thin transparent paper, and turning 
these sheets over when he wished to read them. Left-handed 
mirror-writing obviated all the tediousness of rightward right- 
handed script. I postulate that a writing-centre was developed 
by the right-handed practice ; that left-handed rightward writ- 
ing would necessitate reforming this complex into entirely 
different relations ; and that the primary facility’’ of left-handed 
use tipped the scales in favor of an automatic, rather than of 
an attentive control. Any double-centre hypothesis (which 
Hughes himself favors) would be inadequate, because if there 
was a separate centre in the left cortex, it would be this centre 
which would be more highly developed by practice of the right 
hand; the ^^overfiow’’ into the right cortex would be relatively 
less, and the difficulty of writing automatically wdth the left 
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hand would be greater instead of less than that of the right 
hand, in spite of the fact of left-handedness. 

While there is probably some such contributing factor as 
that outlined above, the safest and best explanation lies in the 
simple fact that the left arm of the left-handed child is the one 
preferred for all of the delicate operations ordinarily performed 
by the right hand. Use of the left hand for writing will there- 
fore be a more thoughtless, a more automatic, reaction than a 
similar action by one who is right-handed. And an automatic 
writing presupposes a proportionate increase in the control of 
the motor complex of writing; which in turn, is more favorable 
to reversed writing. It is a necessary condition that the child 
must have had some practice with his right hand at ordinarj^^ 
writing. Otherwise, there will be no r-eversals by the left hand, 
for those who have been allowed to use their left hand freely 
and from the first, find rightward writing as easy as do the 
right-handed. 

There is an interesting question opened here, which I unfor- 
tunately have thus far been unable to investigate satisfactorily. 
That is, will left-handed writers, when placed under the same 
conditions which favor a left-handed mirror-writing by the 
right-handed, produce mirror-writing with the right hand? 
According to my argument they certainly should. Obviously 
the experimental difficulties would be far greater. Thus, it is 
a difficult matter to find left-handed writers who have not at 
some time been forced to practice right-handed writing. Such 
practice would, of course, introduce a new element into the 
writing complex, and make these subjects unamenable to cor- 
responding tests given the purely right-handed or left-handed 
writer. Of numerous left-handed persons investigated, but one 
could claim entire freedom from attempts to enforce the use of 
the right hand. The right-handed writing of this reagent was 
subject to experimentally induced reversals in a manner anal- 
ogous in every respect to the left-handed writing of right- 
handed individuals. That is, suggestions as to the purpose of 
the investigation were as carefully avoided, the tests were 
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similar, anti n‘vt‘rsals wm’c as <‘asily (‘litnftHl as in tlu‘ average 
rijj:ht-lian(lt‘tl suhjtTt. I fomid ^rniitor avorajyo difficulty in 
a ri^lit-hantlt‘d rt‘V(‘rsal in tlios(‘ who had in tin* past 
practicctl s(mn‘what with tin* ri<»:ht hand. This T attribute to 
the fact that it is rt‘lativcly a niort* automatic proct‘ss for tlicm 
to writ** rijjfht wards with tin* rifrht hand, din* to the practice 
they hav<* reet*ived in this action, (^arryinj; tliis division to its 
cxtn‘m(‘, W(‘ have* those who hav<* l<*arrn*d to vv'ritc correctly with 
the left hand, hut have suhscipn'iitly been ‘'hrokeiT’ and trained 
in tin* use of tin* ri<rht hand. Tln*y art* (‘sp(*cially unlikt‘ly to 
ffivt* any ch‘ar-cut, <*onsistt‘nt, spontaneous rt‘V(‘rsals by (‘itln*!* 
hand. It st‘ems nt»t inipr<»bable that thest* individuals havt* 
d(*V(‘lopt‘d two writin}i:'tM‘nters, out* f<»r rightward l(*ft-han(led 
writinjr wirn*h, at'cordinj; to my ar^um<‘nt, woultl h*ad to rifrht- 
handt'd mirror writinj^; arnl out* for rijrhtwanl rijj:htdian<h‘d 
writinjx- Such a cast* is «rivt‘n by Ackt*! hoy of tt‘n 
yt*ars, brtjkcn of left handt‘dm*ss, who vvrott* with (*(jual facility 
in f<mr difr(‘rt*nt ways, vix. : mirror writing with citln‘r hand 
and rifjrhtwani writiiijr with either hand. 1 c.sp(*rinn‘nte<l on 
two h*ft handed t*hihlrt‘n who were lH*in^ '*hrok<*n'' and found 
it an t‘asy matter to tlevelop them into similar cases. 

L(‘t ns (*onsi<Icr also tlnisc instnnct*s where tln*n* is a pt'rnun 
nent injury to tin* ri^ht ai’in, ami an aettuirt*d facility in rijjfht ■ 
ward h*ft Inunletl writinjr. Tin* writing is at first a slow, 
lahonal, attentively eontrol!t*il '‘drawing”, typieal of tin* ordi- 
nary h‘ft hainhal atttunpt at writin^^ Hut this improves rapidly, 
and the writing (*onu‘s tti have much of tin* automatism charac- 
teristic of <u’dinary ri^ht hand writing; yet is s(*l<l(>m, if <*V(‘r, 
as c(anph‘tt*ly ant<anatic. Sf*panite “centn*" for mirror-writinjji: 
is ln*m*<* supcrflinms, and is pr<»bahly m^t formctl, althouji:h an 
a<ldltional centre f(ir left hainh*d left to rijxht writing reipiirin^ 
as it woulcl an entirely new set of kinestln*ti<* responses may 
presiimahly lie f(U‘med hy practice. 
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4. RKCAI^lTri.ATItKV 

My argument may be summariztHl as tollows: 

Mirror-writing depends upon two eouditioiis. The owo is 
the physiological eleim^nt whieii t‘iubraees (a) the same single 
grapho-motor memory centre for \vrittt‘n syml>ols that is 
ployed for ordinary i*ight-luiiuled writing, and tlO tlu‘ identical 
sensory-motor relation that hdt-handed reversed writing h(*ars 
to right-handed rightward writing. llemM* tlu‘rt‘ is a pretlispu 
sition towards unpractieed left-handtsl mirror-writing whi»»h 
exists eoextensively with the ability to write with the right hand. 
There exists no such eomph‘X f<n* h‘ftdiandt*d t*entript»tal writinir. 
Mirror-writing is a relatively rare phenomenom Therefnre. it 
must depend upon the (listurhanfr of some part of the writing 
apparatus other than the motor; for the integrity of tlu* grapho 
motor centre and tin* eommisural paths is the v«*ry foundation 
upon which mirror-writing is has<*d. This is the set*ornt eonditiom 
the psychological eleitumt, Th<‘ psyeln»logi**al governor whieli 
supervises our ordinary writing, must he so rearrangetl or 
altered that the psysiological pn^vision f<vr mirnvr writing is 
given an oppoidiinity to aet, or, p(*rhaps, is enecniraged or stim 
ulated to independent a(dion. 

The most striking gem‘ruli/.atum to he druwti from i»hserva 
tions on mirror-writing is that even in the most fav<irahle eomli 
tions for mirror-writing tloTc is a gri*at deal of imlividnal vari 
ation; that is, in any condition, such as hypnosis, one subject 
will write entin^ly mirrorwise, while another can seareely he 
induced to write at all in this style. I find exactly the same 
relation in the description of thos<* eases which <ieenr spun 
taneously. The pathological conditions mentioneil on pp. 2td 2t)2 
are relatively common. Yet mirror^writing is so rare ns to eanse 
immediate comment whemwa^r it oeetirs. This ma> he dtie t<i 
the fact that only infre(iuently <lo thesi* patients attempt tu 
use the left hand lor writing, in whit*h <*use mirror vvritiir 
could be expected in evtnw insUima* when tlo-se patients wer- 
asked to use the left hand. Or. it may he tfmt there is som 
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particulur disorjranizntion which occurs iucoustantly in all of 
the conditions faivorahh' to mirror-writ in^^ And this in truth 
more nearly approaches the conditions which my own tlu‘ory 
emplnisizt‘s. Tin* mort‘ that the psycholo|J!:i<*al, or hif>:h(‘r, parts 
of the nt‘rv(ms systtmi aire disorpiniz<‘d, the moia* contidently 
imiy wt‘ expect a lertdnmdtal rev(‘rsed writing to r(‘sult. A^ain, 
the disorpinization must l»e ^reat 4‘n<m*»:li to paiss at certain min- 
imal limit ht‘fon‘ (me maiy exp<‘ct spontanuams, completi* hd’t- 
hainded rev(*i*sals. And m(»r(‘ particuhirly* wt* nniy exp(‘ct that 
if the disorj*:ani/.ation is (d' a sp(‘ciali/.ed kind, one thait will 
dissociat(‘ tlu* aiutcutuitic From tin* stmsory aind attentive control 
of th(‘ mus(*les, or, a step mon*, div(*rt writinjr aictivity to 
the physiolojxicail t*lem(*nt, the <liss(u*iatiou iu*tal lu* much lt‘ss 
than if tlu‘ disore:aini/,ati(m is puM’ral. 'riiis is ohscrv(*d pairtic- 
ularly when cimsiderine: the ndatively eircumscrilaal disturh- 
anc(‘ oc(*asi<med hy tin* maijorily of my exp<‘rinn*nts,^ ais aijrainst 
the j^reut disorder (d* tminy <d’ the fiatholojjcieail stait(‘s in which 
mirror-writ in^t (s'cnrs, notahly the insanities. 

There an* two aidditionail Fortns (d' left haimh^d tnirror writing: 
' viz., tin* deliherat(‘. intent imial, ntt(*nfive anid tin* fni<!:nn*ntairy. 
Tln‘se ailso d(*p(*nd, hut t(» ai mU(*h h*ss dej.cn‘e, up(m tin* (*r<»ssin^ 
of tin* si‘c{)n(hiry impulse. In the tirst td’ tln*st* forms, tin* less 
(*onscious or intentioiud the mirror writin*^ is, tin* e:n*ait(*r is 
this dependenc’c, (’onversely, the mon* attention we d(‘Vtd(* to 
th(*s(* m(»V(‘ments, which are n new experience t(» our hijrlter i*(m- 
sci(aisn(*ss, tin* niore dt’pt’inlencf* is plnc<*d upon tin* visuo- 
psychic and aisstM»iaition nn‘ais for ^ruidaince. In tin* S(*cond 
type*, tln*re is at teiideney tor some n*nK(*nts t(» maikf* fraij«:m(*ntairy 
r(*versails with the h*Ft haind, which de|M*nd to sonn* (*xt(*nt ujnm 
tin* (‘(immissurnl paths, tmt as the r(*vcrsads are, with lowt‘r ^rad(‘s 
of t*xperi(‘tie«*, fretpient with tlie rij^tht hand, tin* nltimat(* (*xplun- 
aition is ftnind in the confusion of lateral r(*lniionships. This 
type (*an not prop(*rly he considen*d as a rcpn*sentativ(* of tnn* 
mirrorwritin^. 


♦Sec m». -tiiff. 
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PAET IV 

EELATION OF CONCLUSIONS TO EARIjIKR 
EXPLANATIONS 

Referring to the classification of previous hypotlit*st's as givt»n 
on page 214 I find that while the definitions (d‘ tht‘ oetMirrent^e 
of certain tendencies in movements an‘ ptu'liaps triu‘, <troup A 
does not comprehend the fundamental n‘ason for mirror-writing. 
Of this group, the observations of Durand and Pt*t*khatu strik** 
nearest to the real cause of mirror-ivritiniu in that they intm- 
duce quite prominently the factor of attemtion: l^eeklmm 
including as well a physiological basis for th(‘ piunioitieunn. 

The criticism of Groups H and C are st‘veral, anti may he 
best made clear by referriiig to tlu‘ observatit>ns whitdi seem to 
favor the hypothesis of a single centre,* and in ad<iiti<ai to tlie 
criticisms of Hale and Kuhf and of Sweeiiey:(: 1 havt‘ sht»\va 
that it is possible to escape* from the wholly unsatisfactory iilea 
of the presence of a d(*finit(* mirror-writing centre; ami that 
the theory, rather than sulfering from this omission, is a<dually 
rendered the stronger. Tlie study of tliese gnmps l»ritigs <iut u 
matter of even greater niom(»ut, naui<*ly, that the pliysiohigii*a} 
aspect of mirror-writing, howt‘ver it be answered, is but a minor 
part of the solution of the (pu‘stion. 

With the observations classed as group I>, I agree. Ilowi-vi*!*. 
the same criticism as was made of group A applies ht*re the 
explanation is not sufficiently e(>mprelM*nsive. In t*very east* of 
true mirror-wi’iting (which it should ht* remembered, does not 
include reversals by tin* haml aeeustomeil to writing) there must 
be a disturbance, a defiectiou, of the mt*utnl esmtent. a disHo<h- 
ation of attention. 

Group E, in placing prominence upon a faetor id' visual 
imagery, neglects tin* proper signifiearn'e of tlo' normal physio 
logical, or grapho-motor, elmnent as being the fumlamental 

*See pp. 227-237, also group D. pp. 210 2U. 

tSee pp. 211-212. 

$See pp. 212-213. 
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means by which true mirror-writing is accomplished. I agree 
with the conclusion of Hale and Kuh on fragmentary right- 
handed reversals, but do not class this type as a representative 
of true mirror-writing. I cannot agree with their, or witli 
Sweeney’s answer to the question, why mirror-writing is not 
inverted : though their observations are sound, and are sufficient 
to account for right-handed reversals, yet the motor relations as 
I have described them would not permit of true inverted writing. 

I agree with Downey in group F, that there is a motor as 
well as a visual representation of a movement. My experience 
has been that the majority of subjects, when voluntarily revers- 
ing their writing, exercise their attention principally to force the 
writing in a reversed direction. The actual reversal of the 
letters is by the guidance of the grapho-motor system. Atten- 
tive guidance is required only when a confusing or relatively 
unfamiliar letter brings uncertainty to the automatic control. 

Many of the earlier explanations seem to be devised in view 
of the special conditions offered by some particular case of 
mirror-writing. Explanations of different observers have there- 
fore differed widely. I have shown that all the reported causes 
of mirror-writing, or conditions favoring it* have characteristics 
in common. Further, I have shown that typical mirrox'-writings 
can be controlled by experimental methods, and that to study 
mirror- writing we do not need to seek the spontaneously occur- 
ing eases, as has been done in the great majority of reports. 
Lastly, I have shown that mirror-writing is a simple, direct and 
unified process, not at all as complicated and disconnected as 
a comparison of the several findings would lead one to expect. 
Its explanation is simply that cei*tain impulses which do not 
ordinarily function, are by the conditions in which mirror- 
writing occur allowed to do so. These conditions, instead of 
being a more or less unconnected set of symptoms as indicated 
on pp. 201-202, I have shown to rest, with the experimental condi- 
tions, upon the common basis of dissociation. 

Transmitted June 20, 1914, 


*See pp. 201-202. 
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OF STREET-(^AK‘ ADVFRTISINO OARDB 
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WAl/PMU S. ANii WAUNKU EiUOWN 

Tlu* primary <»t‘ this t^xporimfnt was to olitniu a rorord 

of th(‘ ass<K*intion, and if possihh* tin* vt*ry first ass(U‘iati<m, whirli 
is uroiistsl upon glamdiij^ at an advert israHait. Tlu^ mat<‘rinl 
eoiisistcd of sixty advertising cards of the kind jj:em‘rally <lis- 
[)lay<‘d in street ears. Tiiese cards* which are 22 in<*h<*s lon^ ami 
11 ineli(*s hi^fi, wen* hniiK np<»n a rack at about the lu‘i^ht ami 
distance of tiadr usual p<»siti<in in a car anti so arranj^tal that 
they could he <lisplayt‘<i om» at a timt». TlM*y w<*re illuniinated 
by a eondunation of tlaiyli) 4 :lit ami shntictl tdt'ctrie li«*;ht. A cur™ 
tain was arranj^^etl to ^ive a uniform haek^n>und arouml the card 
and to conceal the apparatus ami <>pcrntor, 

Th<‘ earths wen* st*h*eteil from a larp* collection, all of which 
had hc(*n rc<'t*ntly tlisplaytsl <a* wer<* heinjiC dis[»layt*tl in the local 
stnad. cars. There wen* cunls <if a j^n*at varit*ty with n^stas*! to 
color, typoj^rnphy, ami suhjc<»t matter. An tdVort was math* to 
have tht‘ same ituniht*r <»f t*anls making: sp<*cial appeal t<» men as 
to women. 

Tlu* associatitms wen* recttnletl by immns <»f a spe(*ial form 
of phonojj^raph (tin* tlictaplumei . This was st> nrraujj:*‘<l that it 
WHS set in motion ait tin* nmnicnt a tninl was tlisplaytsl, and was 
stopptsl soon aftt‘r tin* ohservt*r hat I spokt*n. At the samt* time 
the phono^rapli nssirdetl the half s*M*tmd h(*ats of a metronome, 
HO that upon sul»se(jm*ntly Ustenini^ t<» tlm reconl omt coultl 
mcasun* the lapse of time hetwt»t*n tin* exp()sun* of tin* card ami 
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thf n»acti<ui wonl. Kaeh curd was exposed about 5 seconds 
after tht» eompletiou <jf tlu» prectMlinjr reaction. S<»nic persons 
ttualed t<i react with rather c<jmplicatt‘(l scaittaices from which 
it was difticult to e.xtract tin* essential i<lea; on that account it 
was found iu*cessary ttv have tin* rea<‘tion liitiited to a single 
word, which is pmerally the sfiontnueous nuide of ri*action. 

The pers(»ns win* nuule the ohst*rvnt ions wen* fifty itnm and 
fifty woiumu stmlcnt voluntt*crs. most of them untrained in such 
work. They had no knowledge of the [uirpose of the (‘xpmdmciit 
otht*r than that cimveyed in tin* dire<‘tions. 

A st‘t of ty[>*‘written <lirt‘ctions was handtal to tlu^ observer, 
as follows: 

It is the [iur|»t»'<»e this experiment tt» tin«l out just what i»lens are 
brouj^ht up tiy «litTerent aUvertisemeutH. 

Hiieti a*U ert isemeut will he exponeU ftu’ u few setuuuls, a vt*ry sho»t 
tinus Within this time, juul in taet just as simui us you possihly ejin, you 
will say what the mlvert isiunent makes ymi think of. 

tlivt' ozily tan* wdr»i. It must he tin* very tirst i<leu thztt <»om(*s into 
your hen«L 

Tht' wonl you give may he some personal evperieuoe of whioh you arc 
remimleil, it may he something y*m know ahout the gooils or firm, it may 
he something you have louir*!, it nniy he an *‘)ipressio»t of your personal 
feelings or of a momentary impr«rssi*»u. or it may he uhi«lly irrelevant. 

Do not rejeet nziy i»lea that etoiies up, e\en though it appears to ho 
foolish. 

Speak out very loml au«l very ilistinetly. Piteh tlo' voiee as low as 
possihle. llohl the moutlipieee elose U» the lips. 

The observers were allow«*d to practice somewbat with the 
phonograph in onicr to rclievz* their dirtblcnm*. Furthermore, 
the first tmi associations were used merely for the snkz* of 
practim* au<i were <lisearde<l, hut without the knowledge of the 
obsm’Viu*. 

A mmnory test was made as soon as th»* association t<*st was 
comi)let(Hl. It will h<» noteil that the memory would <*over sixty 
cards, although only the lust fifty appeanal in the record of 
aHH<Kuations. Ittuns in the memory reeonl referring to the first 
ten cards wen* th(*n*fon* discarded in computing tlie ass(M‘iHtioii 
test. The din^dions for the memory test.w<*re ns f<»llows; 
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Writo down tho uaint's of nil tho advortisoinontH that you (*au ro- 
mombor of tho sorios just shown you. Hntor tho itotn undor ono of tho 
throo hoa<ls^ acoordinjL?: to what ytm roniombor, and thou fill out as imudi 
aa YOU oan luulor tho othor bonds, opposito tho samo numbor: 

(1) Kiuil of thin^ atlvortisod; 

(i2) Nanu* of inak<*r, bran»l, tradoinark, oompuny, otc.; 

(:t) BpOidal foatun*s romomboml. 


It Ls inipoptarit to iioto that in tnluihiting tho (iaia obtained 
in tho ni<*niory test an e<[ual woi^ht is to b(‘ assi^nt'd to atiy entry 
undid’ any om* of threi* heads A, or (-- do be explained later. 
Thus eredit for thre«‘ points was if an observer rtunein- 

bered all thrt‘e essential fuels about a eariL naniel\% what is 
advertised, who advertised, and how nilvtudised. Tht‘ data are 
reported in pt*reentaj^es; thus the seore of (llhli per eidit made 
by the person with the best memory means that she was able to 
rejmrt 104 of the possiblt* lot) items eoneernitij«: the 50 <»ards for 
vvhieli reeords were retained. The seore for any jyjiven eard is 
found by mhliny: tof^ether its entries umler all three heads for 
all the observers. 

The eards were always disfdayeil in the same siupamee, whieh 
was deteritiined in tin* tirst plaee by ehanee. The eards at the 
end of till* series an* p*nerally remembered somewhat better than 
those at the bej^inninjjc, as evideneed by the faet that the eorre- 
lation between latem-ss in the serh*s (reeeney) and Hue<»ess in 
n‘e,all is 0.05. Vid th<* eards themselves appealeil to memory far 
stron^^d’ than did tlieir position; the flvt» eards best remetnbered 
had the followin^^ positions in the.s4‘rieH; Onyx Hosiery, position 
numhid’ 41 ; Arrow Oollars, number 11 ; Hart, SehutTiud* & Marx, 
nuudad* 40; Ilnym’S Automobile, number 00; Spearmint (him, 
number 1. It shouhl be noted that these position numbers refer 
to the last tifty mirds only, as the data from the first tmi eards, 
us(‘d for praet iee, as alreacly saiil, are not idmsidtd’eil ; tlms Mpi'ur*’ 
mint (him was tin* first of the fifty, but was aetually the elevi*nth 
eard shown. None of the first ten praet ie<* eards was reenlled as 
often as S[M*armint (him, hut the seventh of them, Walkover 
Shoes, was a v(*ry eios<* rival. 
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The <latai from the nit‘ruory teat have heeti used ehieflv in 
eorndatioii with other daitai to he j^iveu hiter ou, hut tht*re are 
eertaiu sex tlitTenuiees to he n<itt‘d which are of intt‘rest» ami 
perhaps of furthtu* sifjjiiitiennee. TiHhu' the heatliuji^ which is 
leaist t*x[»lieit, A, ‘*t!ie kind of thin^ advert iseil/' the women 
excel the nu*u to ai ^reaittu* extent than uuiler tlie tnore explicit 
heauliiif^s; the women report 27.4 per cent <»f the iteius. the men 
22.0, The best aidvertisement umhu- this heading: for Imth sexes 
is Onyx Hosiery; HO per cent of the women ^dve hosit*ry,’' 
‘\st(H*kinjt:s/’ or *‘H<H*ks»*’ whih* 74 pi*r cent of the men j^rive tht*se 
words. 

Headiny: It retpiires the most explicit information, tlie t*ssen- 
tial filet (»f the advertisement, namely, the mum* of the tmiker, 
brand or tnuiemnrk. Men ami women are hen* e<|ual, both re- 
porting !(» per et*nt of the possible items. The wimieu r»*tm*mher 
be.st Arrow ('ollnr, 02 per emit of them giving the name, Th<* 
mmi reealle<l best the name Haynes Autmnohile ; oti pt»r cent of 
tlunn gave this. 

Tmler heu<ting (*, which calls for stane feature of tlie atlver* 
tistumml itself rather than of the tiling jidvert iscil, the memory 
of women is ngairi better than that oi men. The women retjiin 
22 p<‘r cent of the possible items, the men 21 per cent. Special 
features of Arrow tloilnr and of Hart. HehatTmu' k Marx (‘lot lung 
(the best advert mements for women under this heading* w«‘re 
reim*mlH*red by TiH per cent of the women, Hoth of these atlvm’- 
tLsemeiits eontnine<I pictures of young men. The Hurt. Sehulfni'r 
& Marx a<ivt‘rti8cnu»nt is also the b*Htler with the men observers 
un(h*r this heailing; 52 per cent of them rememlu-red it. 

In general, the mmnory of women is better for the itdvertise^ 
ments than that of the men. But this is not true in partieular 
instances. They do not remember the esseiitiid business fat4or, 
i.c., the namr of tln^ advertisiT, any better than tin th»* men. And 
while they excel the men in the ease of 21 cards, there are l!l 
cards which are rerm*mhered better by men than by women. 

The study of asscKdation of ideas in this vmv follows two 
lines: the Ttieasurement of reuctUm time and the elassirieation 
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of the associations into types. The types in this ease were de- 
termined with a view to the practical requirements of the busi- 
ness of advertising after an inspection of the actual words given 
by the observers. 

1. Beading. When the observer merely read off from the 
advertisement, obtaining his ideas directly from the type or pic- 
ture, the ideas were classified as ‘^reading.’’ For example, the 
word ^‘stocking” from a hosiery advertisement. 

2. Competitor. If an observer gave the name of some other 
product or producer in the same class the word was classified 
as ^ ^ competitor, ’ ' and a sub-class was made for reactions giving 
the name or trademark of another advertiser in the same line of 
goods. 

3. Personal. This class includes all the terms which seem to 
relate only to the personal experience of the observer, for ex- 
ample, Myself,’’ ‘^Camping* Trip,” ^^Home.” 

4. Emotional. Any expression which gives voice to a feeling 
or implies an emotion, such as ^‘Foolish,” ‘^Goo<l,” ^^Bad,” is 
included in this class. 

5. Objective. The reactions included in this class are those 
which express a normal, obvious relationship in the subjeict 
matter between some aspect of the advertisement and something 
else; but one which would not be included in any of the other 
groups. For example, the advertisement of Heald’s Business 
College provokes the reaction, ‘‘Bookkeeper.” 

6. Unknown. A caption employed when no association could 
be traced and yet it appeared probable that one really existed 
in the mind of the observer. 

7. Nothing. This caption covers not only those rare cases in 
which no response was made but also those in which the response 
appeared to be quite meaningless or irrelevant. Under this head 
come the reaction words given by the observers when th(\y felt 
constrained, by the lapse of time, to say something, but could 
think of nothing that seemed sensible. Such associations are too 
profound for analysis in such, a study as this. 

Doubtless the distribution of the associations under these 
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euptions omisionally was arbitrary, but in many doubt Tul eases 
observcu's tlauusolves assisted in defining tlu^ uieanin^ of their 
expn*ssions, and in all (*ases tlu^ writers were in aKrtnamuit as to 
the (dassifieation. 

Ill addition to the idassitleation of assoeiati<ms ^iveu above, 
another metlual was adopted based on tlu‘ point of view of the 
praetieal adv<*rtiser. Assmdations Wf‘rt‘ ealhul ‘‘Favorable” or 
‘'unfavorable"': ” favorabh*"' if tlnw wert‘ siieh us to indieate a 
favorable attitu<b‘ toward tin* advertis<‘r; “unfavorable’’ if they 
tende<l to his disjulvantaj^e. Thus, it<*nis unth‘r “rf‘adin^” are 
“favorable" if what is nmd is relevant to tlu‘ ailvertisement; 
“unfavorable" if some wholly irrelevant featun* is nott‘d, such 
as the mum‘ of a bank n‘prt‘seu(etl in an automobile advertise- 
uumt. The <daiss ‘'(‘omt»etitor" is naturally all unfavorable. 
“Personal/' “unknown," and “imthin^" are ramtral, but 
'‘t*motionar’ ean bt‘ <dearly either favorable t»r unfavorable. 
“ ()bj<‘etive'’ assoeiations are ealled favuirabb* unless then* ap- 
pears to be somt*thinK in them to the disa<ivanta| 4 :e of tin* ad- 
vi'Hiser, 

Tin* reaetion tinn*H an* surtU’ieiitly slnud to warrant tin* as- 
sumption that the n*port eil i<leas lay very near tin* surfaee. 
Mt*n resjamd mon* <fuiekly than women: partly, it seems, be- 
eausi* they ^ivt* more “n*ntiin^" assoeiations; at per et‘nt of 
their assoeiations are “readirur * <*<impared with Id per cent for 
tin* women; partly beeause they experienee less embarrassment 
in talkin^i: to the phonograph ; but <»hit*tly beeause they respond 
mon* Hp<mtan(»ously. Women partly deFi*nt tin* purjiose of (he 
experiment by uneonseiously or <*onseiously .sebs^tiuM: their asso- 
eiations. This is sh(»wn n<d only by their <listinetly slower n*- 
aetion time but by tin* Faet that tln*ir nss<H*iathms eover a eon- 
sidt‘rably widt*r ranj«:t* of ideas tlian (htjse of tin* nn*n. Tliis fn(‘t 
was aHeertaim*d by listing all the wonls f^iven by all the men 
(or wonn'ii) in response to eaeh enrd. The uveruKe eanl ^uve 
rise to 27.6 ditTen*nt hlens among 50 women, but to only *22.6 
among (In* same* number of men. The women had more ditTerent 
ideas p(*r eard than the men in the ease of *to of tin* nO <*ardH. 
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The nwtiou tiiiu’s ( r<»r aO onnls^ For from \.*\ 

srcoiuls to 7.2 soroiuls, avt^ra^t* W.W srotHuls^ mtuUau 2,2 aoromlH. 
Tlir tnu<*s Fiu- itn'u raniyr From 0.1* sorotuls to <».2 sorotals. 

avoragt' 2.;! sr<*(m<is» motUaii 2.2 so(*omiH. MfU linvt* a m<uH* rapitl 
roactioii For all hut thn‘«* of tho otl ranis. Thus it is rvhirnt 
that thr womni lu*sitato lougrr ovrr thrir ros|uai.st‘s aiul tlitVrr 
nioro from our anoihrr iii tlaur rrspcaisrs. 

For tho advi*rtisiu^ world tho siguitirant thinf^r about tlu* 
roartion timt‘s is that soma ailvortisfuirnts j>ro<liu*<' au audildo 
rosponsc murli mon* ((uirkly ttiari otliors. I'hus au ad vrrt iso* 
mrnt oF (^H*a lloinx. or Soliilliu|i»f*s lh*st, all iroo<l onrds nu<l 

familian will [U'<u*okf a rospfitiso ou tho avorap* within 2.2 
S(‘(*on<ls, whoroas scam* <»F tin* pooror advortisomouts nspiin* as 
loaj^ as 2.7 .srronds For tin* avt*rnijro porson. In ?4<otoral, an a<l 
vrrtistmirnt whh*h pn»dinM‘s rapitl n*a<’ti<»us with <un' sox is 
(•<Hially su(»(*rssFul with tht* tithor. 

Tin* rlassitirat i<»n <d* thr assooiations als(» throws a stnm^ lij^ht 
on tlu‘ a<ivortisin^ \aluo <if tho parti<‘ular oards. AsHtadaf ictus 
whirh an* Favctrnhh* to tin* advortisor an* fn*<|u<‘ut with sonm 
rards arnl inFnM|u<‘nt with <itln*rs. 2'hus tho o\trium*ly .simph* 
card of Srhillirujr’s !h*st ^ivos ss Favorable* n*sponsrs pi*r <*<*rit, 
whih* anothrr rani Kiv<*s <ndy 2ti. Seam* (*ards ^ivo a Inrj,?** niun 
her of rrndiiijir” rrspouHos in whirh tin* ohHrrv»‘r iu<li<*att’S that 
hr has appr<*ht*ndod din*<’tly what is prosrntod to him has ln't*n 
“hit.-' Thus Spranniut and <'o<*a i'ola an* n*ad otT by (J7 and 
(10 p<‘r (M*nt, rrsprrt ivrly, of tin* obsc’rvf*rH. w‘hih* S(*hilUuM:*.s lh*Ht» 
althouj^di it consists of only tin* tw‘o words in tyfs* wdthont cam 
h(‘llislmn*nt , is read ofT hy only II pt*r rent, and fh*rfc*c*tion 
Hn*atr' hy only 4 per rent of flu* ohst*rvrrs. Note*, how‘**vrn 
that tin* 07 per <*i»nt '‘n*adirm’' ia tb<* (*asi* of Spf*armint was all 
of relevant fac'ts and tln*n*Fon* **fnvornhl<‘.” while* half of tin* 
(‘o<*H (k>la (*as*ss of ''n*adin^*' noted w‘hc»lly irrf*h*vnut or ‘Min- 
favorahle” matters* sueh ns an unimportant fart about tin* jifirl 
in tin* pieture. In the* same* way ‘*ohje<»tive*’' a.ssoeinticms hwUuf^ 
from the* <*anl t<» scanethin^ nafurnlly su^Ke*Ht<*d hy it an* v«*ry 
<*ommon with seane* eanls, ht‘iuj^‘ 75 pc*r <M‘nt of tin* r(*Hi)(ms<‘S for 
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Schilling's Best or Ih‘rft‘ctiou liread ; aiul an^ ran* with others, 
being for Spearmint only per cent. "Kniotionar' n‘sp()usos 
are not produced t’rt*(‘ly by any of tin* <mrds, but "pt^rsonar^ 
words rise as high as 14 [u*!- ctuit in tiu* cast* of l)jiggt‘tt & Hams- 
deU's Cold Creaim «r tip to 17 pt‘r cent in the cast* of the adver- 
tist*nu*nt for tlu* Dictaphont*, ust‘d in the experinu*nt. Responses 
‘‘unknown" and “nothing" an* a pn‘tty cb‘ar indication of bad 
advt'rtising; the Hoosier (‘abint‘t was tin* worst in this respect, 
giving 11 p(‘r ct‘nt of such responst*s, although, strangt* to say, 
Spearmint came nt‘xt with H p(*r ct*tit. 

Advert isemt*nts which atlvertist* s<mit*thing other than what 
they are intended to atlvertist*, or t*vt*n a din‘ct com[a»titor, stand 
in a class by themst*lvt‘s. Tlu* canl of a lot‘al lunibt*r company 
was mistak(‘n for an advt*rtis<*mt‘nt of somt*thing else by 18 \>vv 
ctmt of the observers, and tlu* card <if a local eon feet ioiu‘r caust'd 
9 per cent of tlu* n*adt‘rs t<» nu'ution some other confectioner. 
In this connection it may la* mt*ntione<l that a similar confusion 
sometimes appears in tlu* nu*mory tt»st ; for t*xample, half of all 
tht* obs(‘rv<*rH who mt‘ntioiu*d corn flakes at all. put tlown Kt‘l- 
loggX which did not Hj)pt‘ar in tlu* actual serit*s; although “ H. 
d*' did. This mistake was imule by 12 jM*r ct‘nt of all the pt*rsons. 

The unfortunatt* conft‘ctioiu*r whost* canl was just mt*ntiom*d 
as having arous(»d tlu* nanu* of a competitor as a reaction word 
was r(*memh(*rcd by only lo per cent of all tlu* observers, and 
to one-third of tht‘se it recalh‘d a competitor who did not appear 
in our list. 

Statistical tr(*atnu‘nt of the data shows that then* is a close 
relationship between the results of the memory test anti the 
spt*ed of association. It might be thought that a slow reaction 
time, involving a comparatively long time uf exposun*, would 
help the m(»mory, but such is not the case. Those eanls which 
an* r(‘sponded to tlu* most quickly are best remembered. The 
correlation* is 0.42 for tlu* wonu*u and 0.45 for tlu* men. Prob- 
ably tlu^ factor of pn*viouH familiarity is responsibb* f<»r some 
part of this corn»lHtion. 

(Jertain mechanical ft»atnr<*s of tlu* advertising cards were 

1 Computed: r— I 
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also nu‘asiirt‘(l juuI tiu* data <*<)rri»lati*d with tli(‘ psy(*h()loj>:i<*al 
data. Tli(‘ cards wen* ^dvcii a pasitum iti rardc according to (1) 
the proportion of the eanl taktai up by the eut, (2) tht‘ siy.e of 
the largest type* ernploy<‘d in th(‘ wonlinjx, (:\) the total nintdan* 
of words i>rint<‘(l on the eanl. < Virndat ions of im^inory are: 


WnjiuMi Mon 

With jinieunt ot <'Ut U.aat O.liOl) 

With si/o of letters O.llS O.Ml 

With numlM'r t»f wtinU O. I.’IU 


That is to say. a card will l>e soim‘what l»t‘tttn* rtanendanaal 
if it has a larK<‘ piet nn* and if the number of w<»rds is small ; but 
the size of the h‘tters is an unreliabh* faetor. 

T1h‘ eorndaticms between rapidity of n‘spons(» in tin* assoei- 
atioii t<*st an<l these meehanieal factors art': 



Wiitufu 

M(mi 

With uiiMiunt oT «'Ut 


O.lOl 

With si/t' of lottciM 

0.2s:’ 

o.orcj 

With Jiinnlior <»f \vt»r»ts 

o.:|22 

tl.lH'J 


In other wortls, tlie saim* factors which lu'lp mt'mory lu‘l|) 
to ace<*lerate tin* assoeiatitm, namt'ly. lar^e [»i(»ture atid ft'W words^ 
and in atldition it ai»pears that larjiirt* type is pr<»bal)ly htdpftd. 
Tht'n* st'cms to bt' a elost' link bt'twetui rapidity of rt'sponst' in 
association and facility of recall in mem<»ry. Kor the writt*r of 
advert ist'mt'tits this mentis security from an imn^irinry danism*; 
an advt'H isemcnt which bus sptM'tl will not b<* in tlaiijurt'r on that 
account of bcinj^ forgotten; <m tin* contrary, tin* vt'ry factors 
which makt* it fast, even tin* [mrtdy mt'ehanical Factors of lar^are 
piclurt* ami few words, will Indp to liold it in im*mory. 

A further indication of tin* cbise relatiotiship ladwi'cn m<‘m- 
ory and ^ood composition in the n<lvertis«‘mcnt is to la* h(’(‘U in 
tin* fact that th<*n* is a positive correlation la*t\V(»en nH*mora- 
bility ami fr<*<iu<*ncy of ‘'favorable’’ associations (0.16) and a 
corrc.spon<linK correlation with tin* absence of unfavorable” 
usH(M*intions (0.281. 

Tbe.si* expi'riments were performed in tin* Psychological Lab- 
oratory of the University of (California during the fall of 1014. 
The ori|ii:inal eards ami completely tabulated data ar<* on file in 
the lahorntory ami may b<* <*onsuIt<'d there, 

Tr uismittrtl January !7, inifK 
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A COMPAEISON OF THE JAPANESE FOLK- 
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A STUDY IN THE PSYCHOLOGY OF FORM 

BY 

SANGOEO ITO 

The folksong in Japan ‘differs from the Occidental, in that it 
plays no important part in the home life of the people. It is 
mainly used out of doors, in the season of cherry blossoms, of 
maple leaves, and in other rural festivals. A great many Japanese 
songs are licentious in meaning. The traditions of the Japanese 
folksong carry us back as far as 901 a.d. (Engi Era), when it is 
believed that under the imperial patronage the national dance 
with great varieties of songs developed on a basis of peasants' 
songs sung as the men trudged over the mountains with pack- 
horses bringing tribute to the Emperor. 

The following are two verses of such a song : 

Ide waga koma wa 

Hayaku yaki-hose Matsuehi yama, 

Aware Matsuehi yama ware. 

Ao-yagi wo 

Kata-ito ni yorite ok'e ya 

Uguisu ni ok'e ya. 

The translation: 

Oh, my pony. 

Hasten past the Matsuehi Mountain; 

Oh, fair Matsuehi Mountain 1 
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Woopin^ willow trot% 

Twint thy siu^lo silken strumls intt» n perch 
Whereon the nif^htingnle mny perch. 

LattT th<* spirit of daily oeeupjitiiuis n‘du(*t‘d th(‘ soii^s to 
regular fornis. Thus, th(*re is M^iri tin, of the j^irls play- 

ing at hall/’ nrul rsu-hihi (In, tlu‘ ‘\M<jrtar S<ing/’ sung by two 
girls p<mnding riee or beans in a m<irtar to tlu^ rhythmieul lieat 
of the pestle, Tluni tliert» is the fnm<»us lion4)i(nri (la, (Hon 
is the Memorial Day of tin* Aneestiu*s, held at tlu‘ full nunm of 
dulyV Again, tht‘ same idea bsl to tlii‘ many eharming songs 
invented to aeeoinpnny the (Jeisha dant‘es of the prestad day. 

The seviaitei*nth <*entury introdmasl a novel <*omp<»sition 
known as Ila-lUn and Ko«(ln, short poems <»r pniverbial sayings. 
Both tananated from the Uni itlie .song part i of the (das.sieal 
SnrHfjah'u, ov popularly kn<m*n So dnnee, and the Jnnrnri, n*<*ita- 
tiv(‘ aecMunpanied by .solemn open ehords. 

Th<‘ loeal s[)irit is vv<»ven into the.se s<ings. The maj(»rity of 
th(‘ s<mgs (hat have lusai selected for (he pre.sent study bear the 
nanu* of the loenlities in wliieh they origiuate<l. usually Mu‘ <lis- 
triets forme<l by elans, rather than tlu» names of villages ov towns. 
Primitive as the state of dapn!ies<‘ eivili/.atum luis lusm, the 
spreading of tlu'.se from <»ne plaee to another ns*alls many 
romantie ineidents in the life of the people. 

KXPbANATlON OP SVMHObS irsMP 

In tin* notation given on the following pages, the ItdttTs 
A, B, (?, et(%, represiuit phrasrs. A is arbitrarily assigmsl t{> the 
first phrase in a .song; It is an<»ther phnuse <litT(»reait from A; 
similarly V> differs from either A or H. But in ease tin* see<jnd 
phrase is but a slight imwlifleation <»r the first, ami is imt diff(*rent 
enough to warrant its ladng ended It, then sueh a phrase is d(‘sig- 
nated by A'; for this sanu* rejus<»n B', is a modifI(*ati<m of It. 

The phrase is sometim4*.s <livisible int<» e<[ual p<irtu»ns ealbsl 
strains, and the strain into e<{uul p<irtions <»ulte<l m<itiv<»s. S<im<»- 
times strains and motiv4»s upi>enr within a song as a thematic 
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repetition or as a refrain, and in stieh (*as(‘s t‘itht‘r I, nu or n is 
used ahovt‘ tin* eapifal le{tt»rs to diniote them. 

The Arahie numerals I, 2, 2, lielow tin* (*apital U*tt(*rs denote 
the mnnl)<*r (d* mt‘asures in the phrase. 

As si^ns of rt*petition, : : are lused, 

I indieatt*s an instrumental introduetion in tin* dapanest* 
songs, eontaining a theme of tin* song or the suggestion of a tlu*me. 

i indit*ates an instrumental introdm*tion without tlu*me or 
siigg(*stion. 

— indieates a lair or measun* occurring within a song pur(*ly 
as an instrunn*ntul part and witlnmt words. 

is usetl to iinlieatt* exeinmntiiins, as explained uniU‘r 
Japanese songs. 

Any song having tvvt» distinef setdions, wln*ther tin* s<*etions 
are phrases, perioils, t»r .sentenef».s, is regnrdetl as having a ‘‘binary 
fornr'; similarly, any song of threo seetions is reganled as having 
a ‘M(*rnnry form. 

The first <'olumn in the following eIn.sNi{i(*ntion indicates the 
musi(‘al metre of tin* song; tin* s*M*oinl eolumn, the strneture; 
the thinl, the nann* ; nml tin* last, the country to which it is 
eommonly at trihutcil. 


otU’IPHNTAf, HONltS* 

Tvvu Siu Tt<*% Htio t‘T* Its, i>H Pt»n\i 


MnUui 

Strurtur*’ 

Nuni«t «f lh*4 

<?<Mtntry 

2 

5 

(A A li W) i\ A h iVi 
a a a a a a a a 

The Hue ri flee 

UuhhIh 

2 

(A A') (Ui’i 

Annie Hiiurie 

He ot In ml 

i 

4 4 4 4 



4 

(A A') (H<u 

John Ainlersoin my jo 

Hcotlnml 

? 

4 4 4 4 


:i 

? 

0 

|(A It) (A Hi ! I M* < A Hi I 

2 >* >• «* >1 

Hn^t Htmo of Mummer 

Ireluml 

(AH) (j:a) 

Ancient March, from 

Hwmlen 

7 

4 4 4 4 

HiilecnrUa 


6 

(A A) (HA) 

Hr ink to Me Only 

Hnglnml 


4 4 4 4 



* Pr(»f*vHHt»r Jr., tif the heanrtiuent of Munic ot 

the PttiverHity iU’ < 'uliforitia huH UttnUy me In the Heleetloii of thu 

Oeeidentul nij*l mo tin the mtntii'al Hate of this study. 



280 University of California Publications in Psychology 2 


Metre 

Structure 

Name of tlie song 

Country 

4 

(AB) 

(BA) 

Fair Maiden's Beauty 

Ireland 

4 

2 2 

2 2 



m 

m 



4 

(A A') (B A') 

Captain Thompson 

Ireland 

Z 

4 4 

4 4 


4 

(A A) 

(BA) 

All Thro' the Night 

Wales 

Z 

4 4 

4 4 


4 

(A A') (CB) 

Cornin' Thro' the Bye 

Scotland 

4 

2 2 

2 2 


3 

(A A) 

(BA) 

Saeter Song 

Norway 

4 

4 4 

4 4 



3 

(A A') (BA') 

Serenade 

Spain 

4 

8 8 

8 8 


2 

(AB) 

(AC) 

Idle Hours 

Italy 


4 4 

4 4 



3 

(AB) 

(AB') 

Back in the Time When 

Germany 

4 

4 4 

4 4 

My Grandfather Wed 


3 

(A A) 

(B A) 

Hemlock Tree 

Germany 

? 

4 4 

4 4 



6 

(A A) 

(BB') 

The Orange Tree 

France 

S 

4 4 

4 4 



6 

(A A) 

(BA) 

Hunting the Hare 

Wales 


4 4 

4 4 



6 

(A A') (BA') 

The Homeward Way 

Croatia 


4 4 

4 4 


3 

(AB) 

(A'B) 

When Love is Kind 

Ireland 

4 

4 4 

4 4 



4 

(A A) 

(A' A") 

The Lowland of Holland 

Ireland 

4 

4 4 

4 4 



3 

(A A') (A A') 

La Cachucha 

Spain 


4 4 

4 4 





Binary Form, With or Without Bepeats 


Metre 

4 

4 

structure 

(AA'BC) (DDEC) 
2222 2222 

Name of the song 

The Campbells Are Cornin' 

Country 

Scotland 

4 

Z 

(ABCD) (A'B' CD) 
2222 2222 

Loch Lomond 

Scotland 

3 

Z 

m 

(AB) :(CC'): 

4 4 4 4 

The Sheep in the Snow 

Isle of Man 

3 

4 

(ABB) :(OBB'): 

444 444 

Mazurka 

Poland 

2 

:(AA) (BA'); 

Bustic Dance 

Bohemia 


4 4 4 4 4 

3 :(AA) (BA'): 

4 . 4-4- 4 4 


Love's Parting 


Bussia 
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Binary Form with Extension 


Metre 

structure 

Name of the song 

Country 


m m 



4 

(AB) (B'C)+D 

Come All You Maidens 

Ireland 

4 

2 2 2 2 

Wherever You Be 


3 

4 

(A A) (BC)+C 

4 4 4 4 4 

Dalecarlian Maiden Song 

Sweden 

3 

AB+B' 

Santa Lucia 

Italy 

4 

8 8 8 


6 

(A A) (BC)+C 

Louisella^s Garden 

Italy 

S 

4 4 4 4 4 



Three-Section or Ternary Form 


Metre 

Structure 

Name of the song 

Country 

2 

ABB 

Winter 

Russia 

4 

4 4 4 




mmm 



3 

AAB 

AVith My Flock 

England 

4 

8 8 8 

Ireland 

4 

A A (BB) 

Lullaby 

4 

4 4 2 2 


3 

ABB 

Troika 

Russia 

4 

5 5 5 



2 

ABC 

The Scarlet Sarafan 

Russia 

4 

Tb^ 



6 

(A B A' C) (D D) (A B A' C) 

For He^s a Jolly Good 

England 


2222 22 2222 

Fellow 


2 

:(AB): C (AB') 

A’^ermeland 

Sweden 

4 

4 4 4 4 4 




Ternary Form with Extension 


Metre 

structure 

Name of the song 

Country 

3 

(A A) (BB) (CC)4-C' 

Neeken Polka 

Sweden 

4 

4 4 2 2 2 2 2 




mm 



3 

A A B+m 

Home Forever 

Norway 

4 

4 4 4 2 




Combinations: Verse and Chorus or Refrain 


letre 

Structure 

Name of the song 

Country 


?i mn mn' mn 



2 

(A B) (C B) 

Auld Lang Syne 

Scotland 

4 

4 4 4 4 



4 

(AABA) (CA) 

The Vicar of Bray 

England 

4 

4 4 4 4 4 4 



3 

(A A) (BB')+A 

A Spanish Gypsy 

Spain 

4 

5 5 5 5 5 



4 

(AABB) (CB) 

Home, Sweet Home 

England 

4. 

4 4 4 4 3 4 





lo 
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COMBIN'ATIONS: lilN'ABY OR T KUNA It Y WITH lilNAHV ASH KKBKAT 
Metro Stnu'tun* N'limo «>f th** i’ountry 


A A' (H H)+A A' tlaCtti»>i 

lUike Marl 

France 

4 4 2 2 4 4 



(A A' AH) (A A' AH) lUt Citpo: 

Seiijr fna» th«* 

Hpaiti 

4444 44 4444 

Pyreriet*s 


m m m 

(AHA) :(in: 

The ({ypsy 

Uuuaury 

4 4 4 4 4 

Forav 


THIO (U.AHSIFK'ATION OF THH .rAFAXHSF SONtJH 

In the classifu'HtitHi tif the ^aimnest* tluTt* are many 

things that shouUl he explaiu<*tl.’“ Almost all have instrumental 
introduetions eoiitaining stumdimes the theme tu‘ the suggtvstion 
of a tinune of tht‘ s<ing. Ii<‘shles tln‘ intro* lueti<m, then* are 
several measures <»r pun'ty instrumtmtal parts mia*M*<impuni<‘d hy 
the words of tin* song, Thivs** usually oe**ur lit tin* **0*1 of the 
song, repeating tin* them** giv*‘n in the intr<Khu‘th*ti. Then* are 
endless vari<*tii*s of exelamatitm, sonn* *»f whieli an* *pnt** attrae- 
tive though <*ntin‘ly nn*aningh*ss, whih* t»tln*rs have tlistinet words 
with “eatehy” nn*anings. All tln*s** f**aturi*s I desitj-nat** as 
ornamental ion of tin* songs, hut strietly sp*‘aking they an* lujt 
ornamentation <if tin* s(mgs, l»*enu.se tln*y an* iinlis|M»nsahle and 
inherent parts of tin* songs. Thnmghout tin* luit in* \v<»rk the 
word ‘‘ornamentatioir’ is usetl in this H<*ns<*. 

1, Form with twtf tht tnat ntntrasit fl. 'rht* songs *if **itln*r 
two or four phras<»s are sometinn*s eemstruet***! in sueh a way 
that th(‘y break up int<» tw<i <listinet s«M*tions, \vln*n‘ oin* is in 
e.ontiust to the otln*r. 

2. Form with thru sertions. This gnuip tti<*hnh‘s thns* ele- 
ments or phrases irn*sp**etiv«» <»f f»rnamt‘ntati*>ns, vvhit’h etuild not 
be redueed to any Himpl(*r lorm, ami **<»rrt*sp(*rMls t<» tin* t**rnHry 
form of 0(*ei<U*ntal songs, 

2. Form with four strtuttw. The f*iur s***'ti4»ns s**pnrat** into 
two, as in the eas<* of tin* binary f<»rm *»f the 0*-eiflental stmgs. 

2 The JupanoHe Bongn UHetl In this fittnly are lnrg«*lv fnan the eollei’’ 
tion eompiUul hy the .lapuneHe Miinle Hm'ietv of TiiKim; n few nre from 
other incidental publicatitms. In the Hidn-thiii, Ueki Koike und 

Aiko KawaHhima have furnisheci very vnhmhU* nsHlMt luu’e. 
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The son^ in this ^roup have (*caisi<l<*ral>lt‘ (»rnara(‘ntatiou, yvt a 
few sira{>l<* anas eon form <‘xaetly to sona* ty p(‘s <»!’ the Oeeidtnital 
songs. 

4. F<n-m with dahoratf const nirliotL Tlu‘ songs in this group 
(liflFer essentially tVoin the otluu*s, in that they are of elal)onit<‘ 
construetion. Haeh has a prineipal and a subordinate theme; and 
these oeeiir in varied forms as nd'rains. 

In tht‘ r(dlo\ving tabulatitm (d* the dapanesi* songs, the first 
eolumu indieatt‘s the mtdre of the staigs; the seeond eolumiu the 
struetur<‘; th<‘ third <*<ilumn. any nmiarks on the s(»ngs; and the 
last, th<‘ namt‘. 


Tin*: JAPANKHH SON<iH 
PollM WITH Two TtU‘:MI>:S ( *t»NT«.\STW» 

UtHUio'kn 


Metro Struetun* 

2 d A I A: (I H— (M*' P) 

5 a 4 a 4 a 4 a a 

2 I A H mt'ttnifuilt ss t rclnmntinns (‘ontruMt of A nntl H 

i; 4 4 4 7 

2 :A H A H e.r.; 

z 4 a 4 a 

2 (AH) (<M)) 
z a s 


rorUruMt of A nrol H 


<‘ontne4t <»f A niol H 
< ‘untniHt of A H Htul < * t) 


Metro 

4 

z 

2 

Z 


z 

2 

i 


Mtit re 

4 
Z 
2 

5 

2 

Z 


PoHM U 

Strurture 

m m' 

:i A H<: ; 

a a 4 a 

(i A lit!) (i A H<p 
2 a a a a a a a 
i* 

i A 

a o n 4 
I :A H; 

4 H 4 

FoftM w 

SO'UetUI’r 

1 A H HM! 

2 a 4 7 4 

(A HV p) ;( A UC P): 

C> i| O o 

A A' BP 
4 4 4 4 


ti 'rHio>; SKi taiNM 
Uf'tunrkn 

m rofruiii 

HxcliMimtion nppours 
thro*» thiioH n« taotivo 

‘ * i * * iiiiolo up t hroo 
iUoiitionl burn. <* rj , 

I aiot M nr<^ of the 
Miimo foriu 

U Fot K Sl'^ TIONS 
UetttHt’klN 

Ooeoloutul in style hut 
prohahly utU hy 
imitutitui 

t)ein(ieritnt i» style hut 
prohiihly not hy 
iifdtittlon 


Nnme tif the Huuti; 

humo Hushi 
Hyusei liushi 
Pugaiu^ Hushi 
Pkuyanm Bimhi 

■Vnifte uf the mttiK 

Nnniii Melsha 
KIm<» Huahi 

Fukuehi Vnttia 
OltttUo HuUh 

Snme of the MtutK 
Kilfuri Ku'/unhi 

luKhu Itmhn 
No^eno Varna 
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Metro 

Strurture 

UomnrkH 

Nnmo of the song 

i) 

I A H — (M> I 

f nrul A almost aliko: 

t'mo \Va 

4 

4 S <5 .1 vjr. 

thoin*' 

Baitaka 

o 

A H 0 D 

B is <»f A 

Bitotsutoya 

i 

() 2 4 a 

I> is oehti of (’ 

2 

i A n 0 I) — 


Voiioyntna 

4 

3 4 4 4 5 


Jtaku 

4 

4 

1 ab — r— D — — 

2 r» a a 

m w m' m 


Hnkniaa 

0 

1 

:r A H C 1> : 

a a 2 2 2 

m n mn mn 

m r* ‘ rofrnin 

Niajfari Jiriku 

4 

I A H (? otf. (la hnr.s) 

II V- j»rim*ipnl 

Kinrai liuahi 

1 

2 2 ai a^ 

m ^ siihonliiiat** t homo 


o 

AH — C n(KK(i — H) 

** r.r. ’* zir»* iutollti^thlo 

Toka fOhisu 

5 

3 4 1 3i 1 I I 4 

\vor«h, sooh as 
stioU, pipo, oto. 


■*) 

i A H (cr.) V I) (<T.) (rr.) 

* * t' t\ ’ * aro mouiuii54:ioS'4 

< ho lit Nihon 

T 

3 3i42 li 3J 1 1 


Basil} 

4 

I A H (! H 

* ‘ I*oajif Hurij;, ’ ’ oMiitrai't 

Mi’hijfo Jishi 

4 

10 H fi 10 0 

Oil to folKstoiK 
'rhomo in 1 



F(»UM with HliAtKlttVrr. 


Metro 

Strufturo 

UoffiiirkH 

Vtun*’ tit the ?inng 

() 

i A B (it.) a — (it.) (#t.) 

A ■ priaoipat tlt*«iuo 
it aiitl <* .Muiitir*t tnato 

Fuitosa 

T 

4 4 4 U 




t homos 



m m m 



2 

:i A li <’^ I) K 

m prinoipnl tlM-iiio 

Ariako it us hi 

5 

4ain4 tj 4 4 a 



w w 



2 

A B (1 I) K 

B pririoipal thi^tno 

Suikn Busuika 

T 

a* a ;"i 4 4 

m suiionlimito fliomo 



m m ni m 



2 

A B 0 (y ii 

m rofruia 

Tovamn Bushi 

T 

(i 4 2 2 4 

(’ ‘thomo 


4 

I (A A) BC (B D) — H(i 

1 ami A thomi* 

< Maka 

4 

112 111 2 1 


Bon < hlori 


n m 1 m' 1 n 



4 

A B 0 1) K V 

n ""'prinoipal tlH'nio 

UK i n<» a’nison 

4 

2 4 2 4 2 4 

m f / suiii»nliriHto 




thomo. 



m 7n m m 



2 

I A B C I) D' B' Cr 

m - -prtaoipal 

'i'antfo no 

4 

2 4 4 2 2 2 aj ai 

Miya/n 

2 

A B C T) 1*1 F 

Htpml immiior itf iih jih 

Kiri rto Boo 

¥ 

4 4 4 4 4 4 

tiros in oaoh pbras«». 
Th«^ oUmnx in i*. 
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<H)MPA!US<>NH 

Of the fifty <)(vi<lerital twenty <»ri<* were grottpe<l in the 

binary, or two st»eti<»n f(»rni, seven in tin* ternary, <»r three sts»titni 
form, ami tin* rt‘.st in the eonihination f<»rni, am! in the tno<Utit»(l 
forms of the hitmry atnl ternary. What are the eharnett*ristie.s 
of eaeh of these j^roups? 

The son^s in the hinnry j^roup are eiitistnn*ti’tl nsunlly by 
the eomhinatitai of tw<i perhuls, or fonr phrases wlnTe tan^ or 
more of them is rep<*ute<l. In the type t A in * A (M. tin* perhal 
(Ain is halamMsl by another perhal tA(’b amt the phrase A 
is l)ala!iet‘<l hy tin* <litTer«*nt phrase H, ami similarly A by <* In 
another tyja*, (A HI iH,\i, there are fotir seetions. emphiyim^ 
two <litVerent phra.s(*s, I'ln* hulaneinij is t‘tTei'tetl prineipnlly by 
tin* two [»erio<ls. eaeh eolnposeil of two elements, A an<l H In 
still another type, lA A) »A'A"n, the first jieHoit eonsists of 
two like [phrases; ami its seeioMl period, sliithtly ditTerioit from 
the first. e«insists of two phrases. t»oth of whieli ni'e modilientions 
of the intro<luet«a\v phrase A. A sian** of tins type possesses bnt 
littli* eontrust or halanee «if phrases. 

The .strnetnre.s ^A A' H < n f ) U' K < ‘ * Tin* nampl«ells 
An* (’<»min’i ; :,\ H ,V; ‘ latve’s Hartimr» ; A A Him <* H? 
(Home, Sweet Ibonei are .similar to the pr**'eetitnu <»nes. bnt 
tln‘ir membi*i‘s ars* enlarged Tin* pr’eeedini*: illustr*ati<ins are 
all of re‘ 4 ’ular ami symmetrieal types In art trrevptlar’ t> pe 

(A A) Hi') I 1 )aleeartian Maidens tin* tliNt part 

(A A^ Ii(*} is eoinplete in itself, but the phl'ase is eehoeit at 

tile eml. A sonj' cd' this type tlestrt»ys the meehanieal selieme td 

the symmetrieal typ»*s, 

In the ternary i^rsaip, appear thr’ee kinds, A H H. A A H, and 

A U A. <d* the re^nilar ty pes, and a fe\\ tdln rs of irrei*fttlar 
m m 

types, as A A f m, 

( ‘onsiderin^ the ditTerent forms, we mdiee that in all eases tin* 
eomhinati(ms of the ptu’ases are intlueneetl by tin* primdple of 
halaruM*. There is s(»me npproaeh to •nymmetry in all tin* ditTerent 
patter'iis. Maeh phrust* has an eqtml number of !m*nsureH tltmunrh 
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out. One stands as important as the rest. If one is altered in 
any way, the alteration will necessarily affect the order, or the 
character of the song. 

Examine the following structures (A A B A) (A A' A B) 
:C B:, and (A B A) :C D:. The second part, which is an addition 
to the structure, already complete in itself, is of an order that 
does not overbalance the first part, and therefore does not destroy 
the aesthetic effect. There is a defiLnite order or proportion 
observed throughout. 

Of the J apanese songs examined, four were grouped under the 
form with two themes contrasted, four in the three-section group, 
twelve in the four-section group, and eight in the elaborate- 
construction group. 

The songs of the form in which two themes are contrasted 
consist of either two or four phrases, so they might be classed as 
a subdivision of the four-section group. What warranted placing 
them by themselves is that the phrases or groups of phrases 
show strong contrast or balance. The principle of balance may 
be present in the other groups, but owing to the uneven number 
of measures in each phrase, as shown in the tabulation, its 
detection is difSeult. 

The songs in the three-section and four-section groups, I 
called simple constructions, because they are simple in comparison 
with the remaining groups, that of elaborate constructions. A 
few of these are quite similar in construction to those of the 

Occidental songs, (A B C D) (A B C D) , A A' B C, and I A B, 
2222 2222 4444 

where I = A. Consider the song Hitotsu-Toya, A B C D. It is 

6 2 4 3 

constructed on the four-section scheme. The phrase B is a 
distant echo of the first phrase A; D again is an echo of the 
phrase C. The composition is very simple and of a very pleas- 
ing nature. This song Hitotsu-Toya, the “Counting Song,” is 
sung throughout Japan. It is usually the first tune that the 
young folks begin to hum at play. 

Those in the elalwrate-construction group are built upon an 
elaborate scheme, having principal and subordinate themes con- 
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stantly mnirriu^ hut in varitni funns; to this is acUlocl oonsider- 
ablo oriuunontation, suoh as oxolninatioiivS, oith(‘r of intolli^iblo or 
of meaningless words, instrumental introduetions, and elosin^s. 

Take, for (example, Fuitosa, i A B (e,r.) A(' (ex.) (ex.). 

4 4 4 

This souf^ has four phrast^s, when‘ A is the prineipal one, B and 
C bein^ suhonlinate, hut the exelanmtion (ex.) is the important 
feature of the whole eomposition. Tin- (‘xelamation introduet‘s 
the name of the son^ “Kuitosa.’’ This oeeurs thre(‘ times, and 

has an attraetivt^ nature. Tak<‘, for anotluT exainphs Toyama 
ni m ni tn 

liushi, AB(M>'B . The m is the prineipal 

featiir<‘ h<‘n‘; it may he eonsidcnxHl either as a thenu* or as a 
refrain. And, hesid(‘s, tht‘ .son^ has six tm‘jusures as an instru- 
mental ('losing, th<‘ last three of whieh, taktm to^t‘th<‘r, are m. 

n m m / m I n 

Or, to tak(‘ anotln^r sonji:, Oki no Tais(ai, A IKM) h) F . 

2 4 2 4 2 4 

This is rath(‘r eomplieatisl. Th<‘ numh(‘r of immsun's in the 
phrases alternates h(*twe(‘n tw<» ami four. Tin* n hein^ tla* prin- 
eipal th(‘m<‘ opens and elost‘s the sonf>:. Both m and / arc* its 
suhordinaU's. 

As aln^ady statisl, the eomparison hen‘ ntt<‘mpt(‘d lays sj)eeial 
emphasis upon th<‘ formal ehummt, th<* phras(». But in the eoursc* 
of the study otlau- matters, although not treated thoroughly, eam(‘ 
to my notiet* matters, namely, eonm»eted with tlie tonality ami 
th(‘ im‘lr(* of tlu‘ son^:-'^, whieh will la* hri<‘lly <liseussed. 

Amonji!: the fifty ( )(a‘i<lental sonfi^s examimal. th(‘ following 


show the results as t(» tin* t<mality: 

1. Those built upon tlu‘ tonie basis 45 

Thos<* built utum a memh<*r <»f th<* tcmie ehord as basis ..... 4 

2. Th(»s(‘ built upon a douldful basis .. .. . 1 


In <‘xatninin}^ th<» Japam‘se son^ I assume<l that th(*y have* a 
syst(*m of s{’ab*s, irr<‘speetiv<‘ of its eharaeter wh(‘th(»r it is 
diatonic*, or pentatonie, whit'h is still a tiiattcT umh*r disetission. 


1. Those* that se(*m t<» have* lM*en built Uf)on the* tonie basis ..... 1 

Those that s<*c‘m to Imvc* been built upon a im*mb(‘r of tin* 
toriie cdiord . . .. ..... 7 



288 Tlniirniitif of (UiUfornia Puhlivatu^ns in IKstjchohnnj I Vou 2 


2. Those built upon a doubtful basin 22 

Of those examined* eonsetpiently, nearly all of the (Veitlental 
songs have the tonit* ns i)asis, and shiuihl bt‘ idnsseil us su(*h. The 
JapanCvSe songs, on the other hand, shtudtl be elassed, for tile most 
part, in the other group. 

The metre, ho\v(‘V(U’ eompIi<*uttHl, may be regar<le«l as <if two 
kinds, that in wliieh tln^ aeeent is upon evi*ry seeond beat, 
and that in whieh it falls upon every third beat, s/’ 


Tlio OccUtrntal tsontja 

1. Those with metre in “2 s'V 22 

2. Those with imdre in *'2 s'V 27 

Thr JnptuuHr Snntfs 

1. Those with metre in ‘*2 s’’ 2(1 

2. Thos(‘ with imdre in “2 s'V (1 


T am of th(‘ opinion that tin* fin*bMly of the Otundeiitnl song 
has a nmeh mor(‘ soothing quality than the mebuly fd* the Jap« 
anese. It is perhaps p<issibb‘ to aeeount f<»r this <litTeren<s». The 
Oee.id(‘ntal songs b(*l<mg to the home life <»f the petiph*, ami have 
the spirit of tlu‘ home, <iui<d ami restful. As stntetl in the intn^ 
diietion, tin* 2apam*s(* songs fiml their use nufsidt* the home As 
sueli they hav(* a spirit that is lularions ratlier than quit*t and 
r<\stfnl. 

The division of a nH*lo<ly info small seeti<»ns whi<*h are largt*r 
than a, singh* m(‘asure, seems an imlispi^nsahle faet in the 
Oeeid(‘ntal songs. Their soothing quality is due partially to an 
impression of flowing, i>ro<lueed by this r»*peating pattmai in the 
eompovsition. On tin* otht*r harni, tin* rhythm in the dapamse 
song is without su<*h a pattern flowing through tin* etmipositions; 
the pattern rather is within the limits u( a single bar, and the 
repetition of this from bar to bar gives a pe<Mdiur, jerky effeet. 

The Oeeid<mtal songs jmssess the* eharaeti*ristie»H of dual ami 
triple balanee, symnadry, [uajportieni. The organie unity (d‘ the 
song is manir(*sted by a Hymmetri<»nl habuieing of poritHls. pre 
serving usually an equal number <d’ m«*Hsun*s in en**h phrase 
throughout the (composition, and elosing »*aeh pfirnse with smne 
form of cadence. 
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Oti tho othor haiul, tlu^ Japanese soiij^s luive a eharacteristie 
irregularity. Only a ft‘w. as we saw, an^ built on the principle 
of balane<\ ami in tlu^re is some symmetry and proportion, 

no doubt. Hut in otli(U\s thost^ propiadies an^ absent. We should 
expect this, as the words of Japaiu^se songs are for the most part 
not in formal m(‘tr(\ ovm wluui they an^ pca^tie. But perhaps 
the principal <*haraett‘risti(* (d* tlie Japanese songs is their orna- 
mentation. Mon‘ than two-thirds of thos(‘ T luive examined have 
instrumental introdu<*tio!is and conclusions which are unlike the 
mere “acconipatument'' in the Occidental songs, but are an 
inh<*rt*nt p)art of tlu‘ eomposituai. Som<‘ of tlu‘S(^ ornamentations 
contain tin* theme <jf th<* song, and others just a suggestion of 
tli(‘ thmm*. may b(‘ s(weral numsuiM^s oc(*urring as a x>nrely 

instnummtal part, unaceompani<‘d by the words of the song. 
Th(‘ at tract iv<* t*x<‘lnmations an* fr(‘<pn‘nt featur(‘s. These are the 
chara(*t<*rist ic “ornam<*ntation.” 

What arc the similaritii‘s or ditT(‘ren(‘(‘s in the numtal attitude 
of tin* two raci‘s as n*gards thest* folksongs? Tlu* Occidental 
mind is dir(cte<l toward and intlu(‘nc(*d by tin* organiziation of 
th<‘ (lifTerent parts. This <»rganizatio!i is (hdtu'mined by the 
formal latrs o/ halanvv, sj/mmrtrjf and proportion, Hach varia- 
tion in th<* latter produc(‘s a corresponding change in the organ- 
ization, and this again luis an effect U[)on the mcmtal and bodily 
condition. 

Kliminating other pleasun^-giving factors, the organic unity 
r(*acts on tin* miml of tin* Occidcmtal as a favorable stimulation. 
As favorabh*, the stimulation is pleasurable. In the Jax)anese 
songs th<‘ al)<»ve (*hara(d<*rs are not altogether lacking; it is only 
a (pu'stion of d(*gn*(*. Tt is (wident that both groups of people 
enjoy contrast and vjiriety. Hut tin* principal source of the 
api)r(‘(*iatiori in tin* Japam*se mind is not found in the formal 
stru(*tun\ It is in Hu* al f rarlivmvss of the intricate ornamen- 
tation, Th(* Jaimnesc* mind delights in the minute display of 
things. This is tin* main diff(*r(m<*(^ b(d.we(m the two types of mind ; 
on(* appn»ciat(*s tin* Ix^auty of organic unity; and the other, the 
b(‘autv of tin* mort^ (uisual and ycd, indisx)ensablc ornaments of the 
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song. I think it is true, that there is no connection whatever 
historically between the Occidental and the Japanese folksongs, 
yet both have elements in common: rhythm, melody, and harmony 
to a slight degree. The idea of contrast and variety is analogous 
in both. This, as a source of gratification, has through the ages 
diversified the forms of art. There are several points of interest 
in the diiferenees. The melody in the Occidental song has a 
flowing quality as contrasted to that of the Japanese song with 
its hilarious spirit. The Occidental song uses the two usual 
metres, with equal and with unequal accents; whereas the 
Japanese song employs metre of equal accents only. 


Transmitted December 18, 1915. 
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I 

INTHODrtTIOX 

Wliut is th(‘ actual basis cif tlu* assert iou that soau* irulivid- 
uals are more rea<lily ititlueiieed by suj^^jjrest inu than (dbers? Is 
it true that sonu* jM»rsons Fosse.ss a trait wbieh may be called 
‘‘suKKestibility’*, while others posse.ss a (*ertaiu bf 

eharaet(*r which enables them t<i resist suiir‘ 4 esti(ms ? And, in 
pnrtieular, is it trm* that men are less su}.fp*stible than women? 
With tlu‘se ((uestions in miml, experiments were carried on from 
August, li)l2, till May, l!tl4, in the Psyelmlo^h'al ljuh<»ratory of 
the University of (‘alifornia. These expiudmenfs w^u'e alt very 
simple, Tht* suKffostioiiH were j^iven in the form <»f funuted 
directions eoneerninj^; w'hat seeine<i to he ptTfeetly eommonpla(*i‘ 
laboratory (‘xereises. The persons win> received tin* su^^estiouH 
were all students in elementary eonr.ses in psycdmh»^y. and thtw 
W(*re asked to do thiiiKS wideh they thon^ht they tirulersfood, and 
about whi(»h they had no misKivinKS, (‘urefnl nml systematic 
imiuiry made it certain that none of them snspeeted that the 
experiments had anything to do with .suM:«:**stion* or that there 
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was anytliin^,^ about th<‘ “diroetions’* in wliieh the 

sug^t^stions w<‘rt‘ (*ou(*(»aUMl. 

The p(‘rsoiis who <*on(l netted th(» ex|>(‘ri!uents (^xercisocl little 
or uo personal inHu(‘n(*(‘ ov(‘r those who took part in them. They 
merely haiuled the written direetions to the subject and pro- 
ceedtul with tin* nh‘ehanieal optwations r(M|uired by thc^ experi- 
ment. Tims th(‘ siurgestions W(‘n‘ rt‘e(dv(‘d by the subject while 
in a p(‘rr<*(*tly naturah <H<*tiv<» frame of itiind, in coniphd.e ignor- 
ance of tin* fact that any sugg(*stions W(‘ri‘ btdng made, and iu 
the abs(‘ne<‘ of the i)t*rsonal inflinuiee which is so conspicuous in 
hypnotic suggestion. 

Tlu‘ <‘xp(‘ri*nt‘nts tht‘ni.selv(*s wen‘ *mm(‘rous, and not all of 
th(‘ sabj<'<*ts [»arti<‘i[iated in all of them. Fifty-four wonnm and 
twenty-niiu‘ num took part in all of tin* fifttHm <‘xperiments of 
the first two gnmps; others took part in s(‘v<‘ral of th(‘S(‘ experi- 
ment.s, but diil not eomplet<‘ all. Th(» exp(U*iments of 1hi‘S(^ 
groups purported to diseov(*r the ability of lh(‘ p(u*son, partic- 
ularly tlu‘ <i(*li<'a<‘y of his st»ns<‘s, his powt^rs of siuisory pcr- 
c(‘ption and di.st'rindnation, and bis nnunory and imagination. 
Th(‘ third group (Muitaimal exp<»rinit‘nts which purported to 
m(‘asun‘ two illusions of stmst* p<‘rc(*ption, to test tin* accuracy 
of estimati* of ilistanee and WiUght, and to obtain an (‘xpn^ssion 
of ehoie(‘ in matters involving a very simph* (*stb(‘tic. pr(‘f(W(‘n(t(‘. 
hi this third group there wen* forty-one women and forty-threi* 
men. Kach separati* experiment involves its own p(*culiar difli- 
cultii‘s and has its own points of special int(*r(‘st. In the follow- 
ing pages tin* experinn*nts will be tak(*n up om* by one and tln^ 
r(*sults giv(*n in turn. Hpecial att(*ntion will lx* |>aid to h(*x 
( li(r<‘r(‘nceH wherever they appear. At tin* sann* tinn* an <‘f1'<)rt 
will lx* mn<le to show, wlu‘never possibh*, to what (*xt(‘nt ‘‘sug- 
gt*stibility " in tin* particular expi‘riment is corn*! at, (*d with 
“sugg<‘stibility ” in other (»xperimenls. This will iinwitably in- 
volv(‘ a <*(*rtain amount of forward r(*f(*renc(‘. Thosi* r(*aders 
who have not sufii(*i<mt inter<*st to p<*rus(» tin* math'r in tin* ac- 
counts of the separate (*xp<*riments will find a summary of tin* 
mon* gent‘ral n*sults at tin* dost* of (*ach chapter and in tin* final 
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ehaptt^rs. In (>rth*r to faoilitnto ivt*on‘iUM‘, thi‘ of the 

twonty-six <‘X|H‘rinH‘nts aro jjrivoii holovv in tin* or(lt*r iu which 
tht‘y wore originally pt‘rfonm*<L For tlu^ systtauatir order of 
tlu*ir prest'ntation the rentier niay turn haek to the table of 
eonttuits. The first j^roup wen* p<*rfornied in tin* fall of 1012 
and a^ain in tin* fall of liUd. Tin* seeotnl j^roup W(*re per- 
formed iu the spring ainl aj^ain in the fall of lOUi. The third 
group wt‘rt* pt*rformed in tin* spring of 1014. 
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In each experiment an attempt was made to obtain an index 
of suggestibility or, in other words, a number which would rep- 
resent the relative suggestibility of each individual in that par- 
ticular experiment. This attempt was successful in eleven of the 
fifteen experiments of the first two groups and in seven of the 
ten in the last group. In these cases the individuals were ar- 
ranged in rank according to the degrees of their suggestibility, 
the one who yielded most readily being first and the most re- 
sistant last. When such rankings had been obtained for dif- 
ferent experiments the correlation was calculated between the 
rankings in the different experiments by the formula 

6 2 

r = i 

n (n- — 1) 

If the ranking was the same in the two experiments, i.e., if num- 
ber one in one experiment was number one in the other, number 
two in one was number two in the other, and so on, then the coeffi- 
cient of correlation would be 1.00 ; if there was no correspondence 
whatever it would be 0 ; and if the rank in one experiment w'as 
exactly the reverse of the rank in the other it would be — 1.00. 

In calculating the correlations the sexes have been kept sep- 
arate. Furthermore, correlations are usually given separately 
for each of the persons who conducted the experiments, for it is 
evident that if one experimenter managed to obtain higher in- 
dices of suggestibility for his subjects than those obtained by 
other experimenters this fact would give rise to a coefficient of 
correlation which would be misleading. It would be a corre- 
lation depending on the work of the experimenter and not upon 
the suggestibility of the subject. But the files for the separate 
experimenters are in many cases too short to give reliable co- 
efficients of correlation or reliable averages for sex differences. 
Moreover, there are numerous eases in which the experiments of 
group I were administered by one experimenter and those of 
group II (for the same subject) by another. General averages 
for all persons and correlations for the entire first division 
(groups I and II), without regard to experimenter, will there- 
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fore be found together with the other figures. In the last \ 
of experiments separate figures for the different experimt 
are not feasible, for reasons which will be produced in due 
Careful readers will note that the total number of sul 
entered for correlations does not tally, in some instances, 
the total number taking part in the experiment, and tha 
number of subjects ascribed to an experimenter is not a] 
the same. These discrepancies arise from the fact that ( 
lations must be calculated on the basis of the experiment 
the fewest subjects. On that account data had to be rej 
from the correlations which were perfectly good for other 
poses. Moreover, the calculations for different purposes 
made at different times, and records were at times inel 
which could not be used in subsequent calculations. Fur 
more, there w^ere a few eases in which the experimenters i 
mistakes, and in some of them the record was acceptable : 
one point of view but not from another (for example, giving 
time but failing to note the direction of a change of pitch), 
some cases all the experiments made by one person have 
excluded from the general average when there was some ques 
about the experimenter's procedure. If all of the discrepai 
had been rectified, a considerable amount of valuable data i 
have been rejected and an enormous amount of labor would ] 
been involved in recalculations. 

The experiments were performed by the following studt 
all of whom were doing advanced or graduate work in 
laboratory : 

Miss Gr. Atkinson (A), all three groups of experiments. 

Miss T. S. Cockcroft (C), first two groups. 

Mr. L. W. Fike, last group. 

Mr. A. I. Gates (G), first two groups. 

Mr. W. S. Heller (He), first two groups. 

Miss M. T. Hodgen (Ho), first group. 

Mr. S. Ito (I), first two groups. 

Miss L. Jackson (J), first group. 

Miss K. M. ‘McKee (M), first group. 

Mr. F. C. Nass, last group. 

Mr. Y. Sugisaki (S), first two groups. 

Miss B. E. Wolf, last group. 
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Cmlit is iiut‘ tlust‘ stu<U‘nts, not only for th(‘ careful manuor 
in whieii tlu‘y perfornuHl tlu‘ (‘xperiiuents but also for many 
planning*: tlu‘ work, and for very helpful iirelimi- 
nary survtws of tin* data. 

Tlu‘ plan of a f?r<uip of expiu-inumts to test the possible 
(lin'erema^s in sujk'i^est ibility bt‘tw(‘(‘n the sextos eanu^ from the 
iliceetor of th<‘ laboratory, l*roF<‘ssor Htratton. lie had a lar^?e 
share also in tlu‘ devising of the details of the experinumts and 
in tli(‘ supervision o( tlie (‘X[a‘rimt‘nters. Mon^over, lh(‘ writiu* 
is under ^M*eat oblitrati<»n to him for advice and eneourajjfenumt 
in th(‘ preparation of this r<*[)ort. No att(*mpt will b(‘ made 
to (liseuss systematically in tliis n^port the orif?:inal sources of 
tlu‘ various t*xperiments whieli hav(* been mad(‘ us(‘ of. W(‘ are 
uutb‘r obligation to S<*ott,‘ Wbippb'," and ( 'hoji'cki*^ for t*alliufi^ 
attention to tin* probbmi of individual dilTerenct's in su^jj:(‘sti- 
bility. From numerous experiim*nt(‘rs, particularly H(‘aslior(%'^ 
several (*xp(‘riniental devices and metliods hav(‘ Ixsm adopted. 
Ahov(‘ all wi‘ an* intb‘bte<l t(j Him*!/’ from whom W(* have bor- 
rowe<l fnM‘ly i<leas ami m«*th<His, both for particular (^xptTiments 
and f(»r tlu* work in j^eiieral. Some of the (experiments have 
h(‘en taken ovt*r bodily from th(‘ work of previous inv(*stigatorH. 
A numb(*r liavt* be<‘n moditi(*d to m(*(*t our special iushIs. Sevmml 
wen‘ devised f<»r the o(*(»uHiou, but thes(( w(Um* not g(Ui(‘rally tlu^ 
inventions of one person/ but n*Hulted from ((o-operativc* plan- 
riinj^; in tin* laboratory, 

I Hcott, \V. 1)., “Pt t'Mtmul <litr<‘rem*eH in HUjf^CHtihility/’ pHychol. 
vol. 17, mm, j». I't7. 

- Whippli*, Manual of Mnitnl ami VfujHical TvhIh^ p. 444, cMlition of 1910. 
»(’hoj»*cki, A., ‘*<!{)ntribution A lV*tu<le <lc In HUs;s^****tiUilit/s” Arch, dc 
p.v</W(o/.,‘vol, n, mu, p. IH2. 

H<*iiHhorc, <’. H., * * MonHurcmontH of UIuhiouh niul hnllucinntionH/^ 
StudicH from (he Vale ViotchoU !.ah,, vol. .4, IHUn, p. 1. 
f' Hinct, A., I.a Pnrin, 1900. 
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FOUR TESTS 


INVOLVINO A “LEAST PER( U<:PTI BLE'' 
( I M A< { I N E I ) 1 S ENS A T I < ) N 


1. OiuiKS; 2. Torcii; 2. Hkat: -t. SiiiK’K 

Four t‘X}U‘riuu‘iits aro ooiUM^niod with inuijrinary stuisations. 
Tlioy wt‘r(» all so arraup‘tl ns to tlu* suhjoot to ludiovt^ that 
lu‘ wouhi (‘xpi'ri(‘uro a woak sonsatioii. Tlu* forvi* of tlu* suj^- 
^ostion was probably <‘uhaiu**‘<l iu many <*ast*s by tho thought of 
(•omp{‘tition witii othors. In faot, tlu* appoal, throuj^h tlu* spirit 
of oortipotition, to tlu* [iridt* of tlu* stu<l»*nt plays a oonsidciunw 
part in nrarly all c)f tlu* ux[u*rimi*nts. It is nrulorstooth of t'oursr, 
that tlirn* was no actual competition; each stiuh*nt was tested 
S(‘paratcly. 


1. Onous’* 

Tlu* followiriK set of typewritten instructi<ms ami explatia- 
tions was hande<l to the Mubjt*et : 

BKI,I(‘A<’Y OF Tin*: HHNHF OF SMKlJi 

It is tlu* oliJciU <»f this rxpt’riJueiU to ntcnstirc th»* <lrru’n<’y of yt»ur 
sense of smell. 

The e.\aerimentcr will let yoti smi*U tMiiopurnt i v»*ly strtmj' sumph's of 
(‘Ueh of three odors peppermint, vvinter^re**ii, anil **tliyl aleohol. 

Vou will then l»e >i;i\en ten Imitles in sueeessiciti. V«m are to smell of 
(nieh of these eurefuUy and repeud in eaeh ease whf*ther you smell one of 
the odors you have just sarnpled, some other odor, <»r to* odor at all. 

Tlu* tt*n lu)ttl<*s referred to wt*r»* <'(inspi<*uously tttimlM*rcd 
from one to tt‘n, in onler. 'i'hey contaitied tlistilletl watt*r. Of 
tlu* three at'lual tnlors us<ah om* was pure nl<*olu»l ami the otht*rs 
were la per cent colorli*ss solutions of essenee of pe[»pt*rmint arul 
<‘ss(*nc(* of wiut<‘r^n*en in water. 

A reconl was kept for eaeh person showinjit: what he reported 
for each of tlu* ten ludtle.s of water. The averai^e results are 

A similar experiment is dem*rit*ed by S«*asht*r«*, Yttf* Shhh.t .^, vi*l. Jl, 
ISUn, p. 5S; by Small, M. !!.» /Vd. St m., vol. I, IMU}, p. 177, and by Hbm«uu 
S. S., VHi(ch<il. vol. <b I HUP, j», d07. 
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givon l)t‘l<)W for \vonu‘U, for inrii, an<l for both, in t(‘rnis of th(‘ 
uuinhrr of ains\V(‘rs out of tin* |)ossiblt‘ t(‘n. 
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It is ovidorit from this tabh* that tho (li(T(‘r(‘m*(‘s I)(‘t\v<M‘n tlu^ 
odors used for llu* int rotluction of tho suf>:^(‘stion do not alfrot 
thr rrsidts t<» any rtmsidorablo fxtont. 

Th(‘ imb'X <d* suirs^fstihility was <d)tain(‘d by takin^j: tho sum 
of tilt* n*ports f<»r aloohtd, wiutorji:r(*t*u, [)(*ppt*rmint, or any otht‘r 
sp(*(dtio (Klor. 'riu* pr<»t»ortion of “otlu*r'’ odors was sniull. 

Tho tabh* abovo shows that tho av(»rat^o imh‘X of suKg:ostibility 
for wom<*n is {‘onshlrrably higher than that for mtm, indioating 
that in tins <*xpi*rimont the womt‘n ar<* mu(*h mort* suggtsstibh*. 
The following tiguri’s shtnv that tin* grt*att*r suggt*stibility of 
the woim*n which app»*ars in tin* average figur(‘s is <*onfirmotl by 
tlu* st*paratt* tindings of the <litTon*nt oxp(*rim(‘ntors. 
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Tilt* <litfon‘m*(* botwt‘(‘U tin* soxc‘s in this (*xpoi’im(‘nt stands 
out in spilt* of tlu* fa<*t tliat tlu* various t*xp(*rimt‘nt(*rs had V(*ry 
unotjual suoet‘ss with tlu* cxp(*riuu*nt. S(‘V<*n of tlu* nint* t‘xpt*ri- 
iucnt<‘rs fnul tlu* women riuna* suggest ibh* than llu* m(‘n. 
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Data \vt‘n* tak<‘n fnuii all fvt'u [»«TS(nhs who had, or 

(dainiod to liavt\ "<Mdds” whhdi intortVrocl with thoir siame of 
soudl. Tht‘ iiuroht'r of '‘(‘ohls" whhdi sof*nM‘d to <li‘Volop such 
doiily was soiiu‘what <lisoo!u*ortuijj: to tiu* o\(a*rituc*utors. It will 
ht‘ ohsc‘rvc‘ih howovor, that in spitt* of tlo* “<*ol<ls’' tlu‘ av(‘ragf 
ptU’son is ahlo, tnith*r mild sn^p'stiotu t(» simdl an odor in four 
or niort‘ out of ton Imtth^s cd* odorli‘ss wator. 

Tlu‘ distrihuticm of tho individuals afoordinjr to tho fro- 
(tuomw with whi<*h ditlVront df|4;rtM*s of sujifp'stihility orcnirtvd 
is givt*n in tin* ftdlowin^ tahlo and in tho ^n*aph (tij^. \ ). The* 
^raph dors n<d folhnv tin* tahh* oxaotly* hut prosonts tin* same 
data in a nnu’c* oondtuistHl and moro roadily <*ompn*ln‘nsil)lt* 
form. Tht* ^n*a[)h, and all tin* similar om‘s whirli aro to follow, 
art* so const rurtfd that tun* <M‘titinn‘tt*r in altitmh* rt‘pr(‘Sfuts 
4 [H*r <*i*nt of tin* subjects. 4'ht* <litVt*rcnt»c bctwcmi tin* st‘Xt‘a is 
aj^ain apparent here, Not only <h» the wonnm j^ive a smaller 
proportion who fail io respond to any of tin* su^jjTcst ions, hut a 
larger proportiem of the women yh*ld to tin* sngg<‘stion for t‘ach 
sc[)arate hotth* <jr tor a largt* nnmht’r <d' bt»ttles. Half of the 
woim‘n rt'Spond to tin* suggest i<iu tive or m<»rt* titin*s among the 
tc‘n bottles, while only a third of tin* men do sc». 

Then* wen* a number of persons \v!n» refu.sed to admit that 
there was any odor aboitt any of the bottles of water. Mt‘n are 
about three* tinn‘s as apt to make* such a eompb*te* n*sistunce to 
the sugge.stion as women. (Inly 7 of tin* 12.4 wonn*u we*re thus 
<*()mplctt*ly immune to tin* suggestUin, whib* 1 1 of tin* (>2 men 
W(*I-C*. 

ODOKH 

pKKgtrsNCY OF PiFFsassT PscaiFFs OF Sro(o;si‘niu.iTV 

The tlgures an* the perri'utih* of the who thought 

they |M*n*eive<l an oOor in a bottle, I bottle, *J tiottleM, vtv., up to the whole 


number of H) 
a<»ttu*K 

bottl«*H. 

W«>mi’u 

Mm 


WutlMtt 

Mm 

0 



Ft 



1 

\\M 

H.2 

7 

10.7 

4.9 

o 

(\M 

14.S 

s 

7.1 

a.a 

:t 

iK\t 

u.n 

9 



4 

12.4 

14.S 

m 

7.4 

lU 

r> 

9.1 

4.9 
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0 1 , 2 3, 4 5 , 6 7 , 8 9 , 10 

Fig. 1 — Odors. Light line, women; dark line, men. 

It was found that the effectiveness of the suggestion increased 
regularly from bottle to bottle up to the eighth bottle. More 
persons yielded to the suggestion on the eighth bottle than on 
any other one. Very few yielded on the first or second, and very 
few yielded on the very last. 

The correlation between suggestibility in this experiment and 
suggestibility in nine other tests is shown in the following table. 
The tests with Touch, Heat, and Shock rest upon a suggestion 
in terms of ‘‘least perceptible” sensations; those in Change of 
Brightness, of Pitch, of Size, and of Motion rest upon a sugges- 
tion of least perceptible change; those with Progressive Weights 
and Lines rest upon a suggestion of continuity. 

The entries opposite “All” in this table do not refer to the 
total number of subjects of all the experimenters. As has been 
explained, some of the subjects who took part in one or another 
experiment did not take part in others, or perhaps their work 
was rejected in some experiments but not in others. But there 
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Correlations Between Suggestibility in the Experiment With Odors 
AND Suggestibility in Nine Other Tests 


Women 

Experi- Number Bright- 

menter cases Touch Heat Shock ness Pitch Size Motion Lines Weights 

A 14 35 .07 —.05 —.31 

G 12 73 .27 —.11 —.12 

G 16 09 .38 —.87 .15 

He 11 —.05 .05 .20 .06 

Ho 13 —.35 —.41 —.14 .00 

I 13 00 — .33 —.30 

J 9 —.15 —.03 —.35 .35 

M 24 23 —.20 .33 —.11 

S 10 18 —.60 .00 —.32 

All 54 —.01 .11 — .05 —.10 .08 —.28 .28 .18 

Men 

Sxperi- Number Bright- 

menter cases Touch Heat Shock ness Pitch Size Motion Lines Weights 

A 6 54 ,14 .55 .25 

C 7 03 .45 —.32 .57 

G 7 88 .43 .11 .40 

He 9 18 —.37 —.28 .19 

Ho 1 ^ — 

I 5 —.30 — .50 .75 

J 6 89 .49 .57 —.40 

M 8 63 .11 —.22 .18 

S 13 86 ,32 .37 —.05 

All 29 .23 .26 — .40 .16 .39 .14 .24 .16 


were 54 women and 29 men who completed all the nine experi- 
ments of this division. Correlations have been made out for 
these 54 women as a single group, regardless of who performed 
the experiment, or whether it was performed at the same sitting 
or at a different sitting, and so for the 29 men. These are the 
correlations which are entered opposite ‘‘Air’ in this and sub- 
sequent tables. The correlations which are filled out for the 
separate experimenters are for pairs of tests which were per- 
formed at a single sitting and by that experimenter. The col- 
umns which are not filled out for the separate experimenters 
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aro for pairs ot* tt‘sts wiiirh \vt‘rc^ pc^rfornu'd at a difiVn'iit sitting 
and, xisiially, by difTon'iit <‘xpt‘riinonti‘rwS. Blanks occur where 
the work of soriu* (*xp(‘rini(*nt(*r must b(‘ rejcct(‘d. The* coliiiim 
for Shach' is not filb‘d out op[K>site ‘‘AlP' l)(‘caiise the methods 
of diflVn^it t‘xpt‘rim(‘nt(‘rs wtav not suflieicMitly uniform to war- 
rant the conii)utation <d* a c<»rrelation. 

Th(‘n‘ is somt‘ (‘vi<h*net‘ of posit ivt‘ correlation. Wlu‘n the 
larger j?roiii)S of stinh^iits an^ considered who, under the lu‘adin^ 
“Air\ w(‘n‘ (‘xperiim‘tite<l upon by various (‘xperinu‘titers, it 
app<‘ars that fiv<* of tlu‘ ei^^ht t(‘s(s jifiv<‘ positive* corr<‘lations for 
wonu*n and that tin* whole* e‘i^ht ^ivt* positive correlations for 
men. Wln‘n tin* smalh*r groups are* consi(h‘r(‘d, all of the ni(*ni- 
hers of which W(‘n‘ (*x[H*rinu‘nted upon by a single pe‘rson, tlu* 
wonn‘n show tift(*en positive* and seve‘nte*en negative* corre‘lations, 
while* the* nie*n in (h<*se* small fjrrou[)s show t W(‘nty-f()ur positive* 
and s(‘Ve‘n rie'^ative* corre*tatiems. While positive* corre‘lations 
see*ni to (>r<*el<miinate% it will he* obs(*rve*d that the* fijjfure*s are* not 
hig*h. The* elin’e‘re*nce‘ be‘tweM*n the* e*e)rre*lat ion fipire* for the* men 
and that fe)r the* wenne'U is ciiarae*te*ristic of most of the* te*sts; for 
some* re‘ase>n the* m<*n's e‘e»rrelations are re‘j>:ularly hif>:he‘r. 

The* corre‘latiems do not seumi to be* any hi^«:he*r with te*sts 
involving the* same* ji:e‘ne*ral type* of suji^fjtrst iem (7Vnn7/, //eo/, 
I^InkIx) than with t<*sts e>r an e*ntire*ly difTe‘re*nt nature*. Nor doe*s 
the* amount <d’ e'e»rr<*Iaf ie)n se*e*m to eh'pe’nel to any |»;r(‘at exle‘nt 
upon tile* pre*se‘ne*e‘ of the* same* ope*rator feir the* two te*sts. The* 
%iu*e‘s at the* foot of tin* ope*n (*olumns, which rc*pre*se‘nt pairs 
of t(*sts in which the* two te»sts we‘re usually aelniiniste*re‘el by 
elifTe*re*nt e‘xpe*rime*nte*rs and at elitTe*re»nt time's, se*e*m to be* about 
the* same* as tliose* at tin* foot of the* fille*el ceilumns, in whie*h the* 
same* e*xpe‘rime*nte‘r <*arrie*ei on both te*stH at the* same* sitting. 

The* e*sse*ntial tinelinjifs e*once‘rnini^ the Odors expe*rinM*nt are*: 

1. Wome‘n are* consiel(*rably more* suKKe*stihle* tliun me»u. 

2. A low but (at le*ast form(*n) positive* e*orre*Iation is found 
h(‘t\ve*e*n this te*st anel otln*r te*stH. 

3. The* e»orre*lation is much stronKe*r for nu*n than for weinu'n. 



304 University of California Publications in Psychology 2 


2. Touch^ 

The. typewritten directions which were handed to the subject 
were as follows : 

LEAST PEECEPTIBLB WEIGHT 
You will see a set of small cork weights, some of which are so light 
that they can not be felt at all. It is the purpose of this experiment to 
find the lightest of this set of weights which you can feel on the tip of 
the middle finger. When the experimenter says ^ ^ ready you are to see 
whether you can feel the weight or not and report to the experimenter 
immediately. 

The cork weights were cylindrical in shape and two milli- 
meters in diameter. They were suspended by a silk thread. The 
subject was shown that one of these, weights aroused no sensation 
when placed upon the finger-tip, while another weight, which 
was heavier, was clearly perceptible. The subject then thrust 
his hand through a slit in a curtain and let it lie upon the table. 
The perceptible weight was applied four times with a signal 
‘‘ready’’ each time. Then the signal ‘‘ready” was given ten 
times with the same intervals between, but no stimulus was 
applied to the finger. Suggestibility is measured by the number 
of positive answers for the ten trials. In the following table the 
number of subjects and the number of positive answers for 
the ten trials of each subject are given for each experimenter 
separately. 


Experi- 

Number 

Index 

Number 

Index 

menter 

women 

sug. 

women 

sug. 

A 

19 

1.53 

10 

1.40 

C 

9 

1.11 

5 

1.20 

G 

19 

3.05 

6 

3.83 

He 

10 

2.10 

18 

0.89 

I 

12 

2.08 

8 

1.75 

S 

10 

2.80 

11 

1.09 

All 

69 

2.16 

58 

1.46 


It will be seen that the average figures show a considerably 
higher index of suggestibility for the women than for the men. 

7 A similar experiment is described by Seashore, Yale StudieSj vol. 3, 
1895, p. 56. Small, Ted. Sem., vol. 4, 1896, p. 184, employed a somewhat 
different plan. 
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This average is, however, probably too high, for there are two 
experimenters who find men more suggestible, and if we take 
out the data obtained by experimenter He., who obtained in this 
experiment extreme differences between the sexes, the average 
indices become 2.17 and 1.73 for women and men respectively. 
This figure is probably a reliable measure of the greater suggest- 
ibility of the women in this experiment. 

Here, as with the Odors, there are relatively more men who 
refuse to admit any positive touches in the series of ten. There 
were 22 men out of 58 who thus rejected the suggestion m toto, 



^ 1 2 3 4 5 or more 

Fig. 2 — Touch. Light line, women; dark line, men. 
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and there were only 16 women among 79 who did so. But ten 
of these men were under the direction of experimenter He., and 
if we exclude his data we find 12 men among 40 and 15 women 
among 69, that is to say, one man among 3.3 refuses to yield to 
the suggestion and one woman among 4.6. 

The graphic representation of the relative frequencies of the 
different degrees of suggestibility (fig. 2) shows the same general 
type of distribution for both sexes. But the distribution is much 
more scattered for women than for men. Not only do fewer 
women fail on all ten trials, but more women respond positively 
to a large proportion of the ten trials. 

TOUCH 

Frequency of Different Degrees of Suggestibility 

The jfigures are the percentile proportion of the subjects who thought 
they perceived a touch in no ease, in 1 case, in 2 cases, etc., up to the 
whole number of 10 trials. 


rials 

Women 

Men 

Trials 

Women 

Men 

0 

24.4% 

41.4% 

5 

2.6% 

1.7% 

1 

29,5 

22.4 

6 

1.3 

0 

2 

15.4 

19.0 

9 

1.3 

0 

3 

12.8 

10.3 

10 

■ 1.3 

0 

4 

11.5 

5.2 





Positive answers were given three or more times by a third 
of the women, but only one in six of the men gave as many as 
three positive answers. 

A comparison of the graphs for Touch with those for Odors 
(p. 301) shows at once that the suggestion in Touch is not as 
effective as the suggestion in Odors, in spite of the very great 
similarity of method between the two experiments. While the 
average person imagines that he detects an odor in 4.4 of the 
10 bottles of water, he admits feeling a touch only 2.6 times in 
10 trials. Apparently the suggestion with odors is about 1.7 
times as effective as the suggestion with slight pressure on the 
finger. The suggestion of touch was entirely rejected by almost 
three times as many persons, in proportion to the whole number 
taking part in the test, as rejected the suggestion of odor. Com- 
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paratively few individuals responded as many as five times to 
touch, although half of the women and a third of the men re- 
sponded five or more times to odors. 

The correlation between the suggestibility of the various 
persons in the touch experiment and their suggestibility in other 
tests is given in the following table. A statement of the general 
nature of these other tests has already been given (p. 301). As 
was explained before, the filled columns of the tables are for tests 
which were given by the same experimenter and at the same 
sitting with the one for which the correlations are made out 
(now Touch) and the open columns are for tests which were 
made at a different sitting and, generally, by different experi- 
menters. 

Correlations Between Suggestibility in the Experiment With Touch 
AND Suggestibility in Nine Other Tests 


Women 

Experi- Number Bright* 

menter cases Odors Heat ness Pitch Size Motion Lines Weights 

A 19 01 .24 —.06 —.24 

G 19 —.10 .22 .44 .05 

He 9 19 .45 —.06 .68 

I 12 .12 —.33 .42 —.08 

S 11 07 .06 .47 .04 

All 54 —.01 .35 .15 .27 .04 .07 .14 —.13 

Men 

Experi- Number Bright 

menter eases Odors Heat ness Pitch Size Motion Lines Weights 

A 10 .16 —.05 .06 —.20 

G 6 20 .14 .03 —.46 

He 18 33 .51 .33 .08 

I 7 34 .57 .08 .24 

S 11 35 —.40 .18 .08 

All 29 .23 .19 .42 .15 .30 .19 .17 .11 


Of the twenty correlations for the separate experimenters, 
fourteen of the women’s and sixteen of the men’s are positive. 
In the correlations for the larger groups where the data from 
several experimenters are combined only one case {Progresswe 
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Weights, for women) is clearly negative; one ease {Odors, for 
women) is practically zero. On the whole, it seems proper to 
say that there is a distinct positive correlation between the re- 
sults of this test and those of other tests, but that the actual 
amount of the correlation is not great. No particular test seems 
to be more closely related than another to this test, at least not 
conspicuously so. 

The general results of this experiment may be stated as 
follows : 

1. Women generally yield more readily than men to a sug- 
gestion of light touch. 

2. Persons who yield readily to this form of suggestion will 
be apt to yield to other forms of suggestion. 

3. The correlation between this test and others is higher for 
men than for women. 


3. Heat® 

The instructions w^ere as follows : 

LEAST PERCEPTIBLE WARMTH 

It is the purpose of this experiment to determine the smallest amount 
of heat which you can feel with your finger. 

Wait until the box has been heated by the electric current for one 
minute. Then let the index finger follow the indicator slowly into the 
hole until you feel the least perceptible warmth from the heated coil 
within. 

If you do not feel the warmth the first time allow the current to heat 
the box for another minute and then try again. If you still fail to feel 
the warmth it means that your sense of temperature is not sufficiently 
delicate and the experiment must be given up. 

The box contained a small hole into which the finger could 
be inserted. Within this hole the finger came in contact with a 
piece of velvet attached to a flat disc. The disc was attached to 
the short arm of a lever of which the other arm extended out- 

s The experiments of this type by Seashore, Small, Guidi, and Scott 
are discussed by Whipple in his Manual of Mental and Physical Tests, 
pp 423-428 of the edition of 1910. The method here adopted is a vari- 
ation of that of Guidi (“ Eeeherches expdrimentales sur la suggestibihte, 
Arch, de psychol., vol. 8, 1908, p. 49). Guidi’s method was also employeil 
by Chojecki, Arch, de psychol., vol. 11, 1911, p. 182. 
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side the box in the form of a pointing indicator which could be 
moved along a scale on the outside of the box. As the indicator 
moved along the scale the disc within the box moved farther in 
and permitted the finger to be inserted farther. The box was 
covered with dead black paper and was loaded with lead to make 
it heavy enough to justify the ^'coil within.” There was an 
incandescent electric light on the top of the box. The wire from 
this light passed in and out of the box in a conspicuous manner, 
but produced no heat within the box. 

At first we allowed the subject to insert his finger into the 
box as fast as he liked, pushing the indicator along by the 
pressure which he exerted against the disc. Under these con- 
ditions we recorded both the time and the extent to which the 
finger was inserted into the box. This involved the difficulty 
that some persons pushed the finger in very rapidly while others 
proceeded in a very gingerly fashion. Later the indicator was 
moved along the scale by the experimenter at a uniform rate, 
allowing the finger to enter only as fast as it moved. In either 
case suggestibility was measured by the time (or distance) of 
insertion before the heat was reported. As both methods of 
scoring were used with a considerable num,ber of persons it is 
possible to make a comparison of the rankings obtained by time 
and by distance. The following table gives the correlation be- 
tween the ranking according to time and according to distance. 

Heat Experiment — Correlation Between the Rank According to 
Distance on the Scale and According to Time 


Experi- 

menter 

Number 

cases, 

women 

Cor. 

Number 

cases, 

men 

Cor. 

G 

16 

.77 

7 

.46 

He 

11 

.90 

9 

.88 

M 

26 

.99 

8 

.90 

J 

9 

.93 

6 

.86 

Ho 

11 

.78 

Hone 



As the correlations are quite high for all of the experimenters, 
it is evident that either method of scoring will give practically 
the same ranking that would be obtained by the other method. 
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It may be of interest to note that this statistical r(‘sult is a direct 
contradiction of the casual observations of all of tht^ experi- 
menters. The experimenters all thought that if a subject pushed 
in rapidly his score would show a high reading on the scale and 
a short time. The result proves that this '‘observation'' was an 
inference, and that in fact those who push in rai)idly stop betore 
they have got far in, so that their record shows a low n^ading 
of the scale as well as a short time. Ilowevtn*, the im^tluxl lattu* 
adopted of controlling the movement so that tin* finger can go 
in only one degree of scale per second of tinu‘ s(‘ems, on tin* 
whole, a preferable method so far as the score is c()nc(*rned. 

The following table gives the significant facts r(‘garding si‘X 
differences in this experiment. It shows for (‘ach experinumter 
the number of subjects tested and the proportion of tlu‘ni wlio 
failed to respond to the suggestion on the first trial. It also 
shows the average time requir(*d for tlu* r(‘spons(‘ of thos<‘ who 
did yield to the suggestion. 


Experi- 

menter 

Numhor 

women 

Per cont 
failun*s 

I n<U*K 

Numbfr 

mon 

i*«'r root 
failuroK 

liuU \ 

A 

14 

50.0 

9.0 

6 

66.7 

9.3 

C 

14 

35.7 

7.9 

7 

42.9 

8.0 

G 

16 

12,5 

22.8 

6 

16.7 

16.8 

He 

11 

36,4 

I4..5 

9 

44.5 

10,4 

Ho 

14 

35.7 

10.6 

1 

loo.o 


I 

13 

15.4 

10.4 

5 

4l».0 

7.0 

J 

9 

44.5 

13.7 

6 

16.7 

8.3 

M 

26 

50.0 

5.0 

8 

62.7 

4.9 

S 

10 

3(),() 

13.5 

12 

41.7 

15.5 

All 

127 

37.8 

18.16 

60 

13,3 

19.62 


All the experimenters (*xc(*pt om* (J) report that rnon* imm 
than women refuse to yield to tin* sugg{‘stion, and hi the average 
it appears that the men are slightly mon* resistant. On the 
other hand, five of the eight experii!n*nters n‘port that tin* men 
who do yield to the suggestion do so in a shorter time than the 
women. The fact that tin* average tinn* For all the men who 
yield is slightly greater than tln^ avt*rag(* tirrn* for all the women 
must not be taken too seriously. All of the experiim‘nterH who 
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obtained slo\v<‘r n‘aetions for the woiueu belouj^ed to the group 
who worked with a fixt^d ratt‘ of niovi^ment. It is not improb- 
able that this fix(*d ratt‘ dtdayed the response of the more impet- 
\ious num. At any rate, if we take only the pm'sons who worked 
at their own sp(‘t‘d, and were subjt^et to a double score, we get 
the following avt‘rag(‘ figures: 

40 \vt»tn('ri, avorago tiiius IS.OO scvoiuls, average wscale aO.S. 

IS men, avt*rage time, iri.7S seeomls, average ^u*jile T2,2. 

Wt‘ ought also to takt‘ into eonsideration the data of the 
second trial, made one miiiute later with all those persons who 
fiiihsl to yit‘ld to tlu^ suggt‘stion on the first trial. The second 



1 1 ;m i-ni lino tie 

’.iiul iMt iNt I St 

tri.il O'lnl trial trial trial 

Pig. n<‘at. night lints women; dark line, men. 



312 University of California PuMications in Psych ology ["Vol. 2 

trial left only 14 per cent of the men still holding out against 
the suggestion, while of the women 19 per cent were still holding 
out. In other words, although there was a large number of men 
who resisted the first trial, two-thirds of them fell a prey to the 
second, while only half of the women who survived the first test 
yielded to the second. 

An inspection of the graph (fig. 3) throws some light on this 
somewhat muddled set of data. This graph shows the distri- 
bution of the persons according to the lengths of time that they 
resisted the suggestion. It shows that more men resisted the 
first test, and that more women finally resisted both tests. In 
the first test a larger proportion of the women hold out for a 
period of thirty seconds or longer. 

HEAT 

Erequency of Different Degrees' of Suggestibility 

The figures are the percentile proportion of the subjects who confessed 
to feeling warmth after various intervals of time. 


Time Women Men 

Not at all 19.2 13.6 

21-30 seconds, second trial 8.8 3.4 

11-20 seconds, second trial 6.4 15.2 

I- 10 seconds, second trial 3.2 10.2 

Over 30 seconds, first trial 8.8 5.1 

21-30 seconds, first trial 12.8 18.6 

II- 20 seconds, first trial 23.2 11.9 

1-10 seconds, first trial 17.6 22.0 


In view of all of these facts it seems clear that men are more 
suggestible in this test, in spite of the fact that more men resist 
the first suggestion and that their gross average time of resist- 
ance is slightly greater. Fewer resist the cumulative effect of 
the two suggestions and a larger proportion of the men yield to 
the suggestion abruptly. *’ 

All of the data of this experiment are open to some criticism 
on the ground that there was not sufficient uniformity of method 
in conducting the tests. 

The correlations of the heat test with the other tests will be 
found in the following table. The general arrangement is the 
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sanies as that ohs(‘rv(‘(l in the ease of Odors and Touch. In com- 
piitin^ tlu^ rank foi* oonvdation tho s<‘cond tost has boeii troatod 
as if it were a dir(‘(*t oontiimation of tho first, so that the shortest 
tiuu‘ rt‘eorded for tlu‘ seeoiul trial taU(‘s tlu‘. rank directly after 
the lonp‘st tinu* for tlu^ first trial. 

Th(' eornfiation with Touch stuans to h(‘ particularly liigh in 
si)ite of the fa(*t that this was oiu^ of the experiments performed 
at a ditfi'rent tim(‘ and hy (lifftaumt (‘xperhm^nters. The cor- 
relation with Odors is also fairly higli, as th(‘S(‘ corrdations ^o. 
The results of tiu* se[)arat(‘ e.xptanitnmttuvs’ fijjfiires indicate a 
relativtdy hijxh posit ivt* corndation with Heat and Shocli. As 
will 1)(‘ ex[>lain<‘d in the nt‘Xt s<‘ction, the nudhods of adminis- 


< ’(JUKMI. ATHENS IlKTWKSN Sl?(J({KSTIHlMTY IK TMK HKAT MxrKIUMKNT AND 

si‘<j<jKSTn«n.iTv IK Ninf. OTiiKu Tksts 






ffttmnt 






Ixpfri 

N'umI ‘T 
rjr 'roiH’li 

( Djui's 

.Slmrli 

IH'S.t 

riO'h 

Si/f 

Motion 

I.hw'.s 


A 

14 

.:io 

.24 

.00 

.12 





(5 

rj 

.TO 

.in 

.29 

.41 





(j 

10 

.09 

.09 

22 

.28 





He 

11 

.or» 

.42 

.44 

.22 





Ho 

14 

• Ot 1 

.:i2 

.10 

.4.5 





I 

la 

.00 


.17 

,19 





J 

0 

.in 

.in 

.:u 

.00 





M 

24 


,08 

.09 

.01 





S 

III 

.IS 

.in 

.12 

.29 





All 

04 .:i5 

.11 


.07 

.29 

.04 

- .24 

.15 

.05 





Mrn 






iKJK't'i' 

HMltlT 

Nuniltff 
niM'M 'roiH'h 

OiDo’fi 

Sh.H'U 

liriKht 

lOtfli 

Siz»‘ 

Mtttion 

IntK^K 

WciKhlH 

A 

0 

.ni 

,09 

.20 

.20 





a 

7 

.tia 

.12 

.05 
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tering the shock experiment varh'd so niueh from oiu^ (‘xjieri* 
menter to another that it was impossihh^ to eomputt* a (*orri4ntion 
for the larger groups in whieli the work of si‘Vi‘ral experimtuiters 
would have to be combined. 

Out of eight sets for the larg(‘r groups, six are [)ositive tor 
women and seven for men. Among the correlations for tlu* sub- 
jects of separate experinumtiU’s thtu*e art* twt‘nty jjositivt* to 
fourteen negative for wom(‘n and twt‘nty-four positivt* to six 
negative for men. 

The conclusions from this exp(‘ritn(‘nt an*: 

1. More men tiuui womt‘n n*sist tin* first suggestion of tit*at, 
but fewer resist the cunuilativt* (*(rt*et of two suggt‘st ituis, am! 
the men who do not resist yield to tlu* suggf*stion soon(*r than tin* 
women who yit'ld. 

2. There are more positive than nt*gativt* eorn‘lations hetwetut 
this test and other tt‘sts, and tht*n* is a dt*finitt* eorrelntioit l»e- 
tween this test and Touch, Odom, and Sluick, all <»f \vhi<*h are 
tests of the sanu* g<*ueral type. 

3. Tile correlations an* miudi more distinctly positive for men 
than for wonu*n. 


4. Eia'icTRK* Snu(‘K^‘ 

A Dubois-Raymond induction coil was arranged on tin* tahh* 
in front of the suhj(‘ct, with an oscillating ret*(l which interrupted 
the primary circuit twenty times per second. Wires leniling 
from the secondary circuit w«‘re dro(iped into jars of water. 
The subject placed his ind<*x finger in om* jar and the niid<Ile 
finger of the saim* haml in tin* otlH*r jar. A secret key enahletl 
the experimenter to cut out the circuit from the st*contlnry coil 
without stopping tlu* noisy intt‘rruptei% which contimunl to spot 
ter on the table before tlu* eyes of the suhjt‘ct. The <lire(*tions 
were as follows : 

0 A similar c.xp(‘riniciit: was pcrforme.l hv S4*«shtirt*, Vnlr Stutht a, vul, .*1. 
1.89.5, p. 59. 



Bnnrn: Diffcirncrs hi Siiiji/rttlihilifij 1^5 

KLK(’TKUI 

It. Ls tho purpose' of this oxpt'rinumt to inojisuro tho woukost indiu'od 
(Hirrout whi(*h you <*au f(*ol passiujt from one finjj^e'r to tho othor. 

You aro tt> sit with tho first au<l soooml (iuf^ors of your loft hand dipped 
iu tho ^rlassos of vvatt‘r whioh oontaiu tho olootrodos. Tho oxporimontor 
will start tho oiirrt'ut throu^^h tho primary ooil and thou pull tho soooudary 
coil slowly up until y<iu fool tho currout elistiiiotly. This is moroly to 
ao<iuaint you with tho workin}»: <»f tho apparatus. 

Tho oxporimontor will thou push tho ooil haok and start it up a^avu 
vory slowly. Vou are* t<i keu'p a sharp lookout for tho first faint shocdc 
and as soon as you an' suro that you fool it tt'll tho oxi»orimoutor to stop. 

In case' you <lo n<»t ft'ol tho ourront soon <‘noii^h, tho ('xporinumtor may 
ajyain roturu to tho staitinjj (mint. The' oxporinu'at may bo ropoatod two 
or throo timos at tho dison'tion of tho oxporimontor. 

Tlio subjoot vvat<*li(*(l tti<‘ inovt'nu'iit of tlu* se'oondiiry eoil as 
it was drawn up hy a windlass. For tho fii’st trial tho ooil was 
drawn up with tin* <*nrront in notion until th(‘ sul)j(‘ot f(‘lt tho 
slio(*k distinctly. Tlu‘ st'oond tinn‘ (to nn‘asuro tho “least p(*r- 
ooptibh* shook**! tin onmuit was S(M*rotly out out. In oas(‘ of 
failuH', anotlnu* trial was nuuh‘ without ournnit. In sonic of tho 
work an a<duul sluu'k was aelnunistoroil to p(‘rsonH who twice* 
rt‘fus(‘<l t<i f(‘ol the imaginary shook. This did not a(T(‘ot the data 
of this oxpeudnnuit, hut may have* influonood the* su^(>:ostil)ility 
of tiu' subject in latt'r tt'sts. 

Tin* in<li*x ed* su^^'ost ibility iu this oxporiniont can not lx* 
aHoortainod without knowing tho p<unt at which tiu* ourr(‘nt. was 
a(*tually fdt svlu^n it was iu action. Tlx* distance* he‘twe‘e‘u lids 
point anil tin* point whore* tin* snhje'ed iiua|^ine*el he* fe'lt a “le‘ast 
pe*ia*t*ptihh*'* ourre*nl, wluui lht»re‘ re*ally was none*, is taken as 
the* nu‘asuri* of tin* suj.iCK!'dildlity of the* suhje*e*t. Such a nu*1hoel 
is made* ne*oe*.ssary liy the* fact that ditre‘n*nt pe*rsons <li(Te‘r ^i^roatly 
in sensitivity to tliis form of e»l(‘otrie* stimulation. For that 
re*ase)ii the* absolute* r<*aelinjii: of the* se^aie* doe‘s not p(*rmit of any 
euunparison lH‘twe*e*n imlivielnnls with ri‘jy:ard to suRfic^'dihilily. 
Furtlu*rme>re*, we* we*re‘ not very suoe»e*Hsful in kt‘(*pin|jf the* actual 
str<*n^^dh of tin* primary fte'ld (*ou.stant, so tliat re*adinK« at dif- 
f<»re*nt tinu*s we‘re* not pre*oisi*ly (»omparahlo. Hut this mothoel 
of sesiriujy: involve'H a s<*riouH elinioulty, for it prov(*d to be* im- 
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possible to get the diiferent experimenters to adopt a uniform 
idea of what constitutes an actual shock which can be ^^clearly- 
felt.’’ Some waited to see their subject squirm a little before 
stopping the advance of the coil. Others stopped the coil on the 
very first indication that any current was being felt. There 
seems good reason to believe that the coil was sometimes stopped 
and a record entered for ‘^actual shock” when no actual, but 
only a faintly imagined, shock had been experienced by the sub- 
ject. On account of this diificulty with the method of scoring 
no attempt has been made to compute correlations involving the 
work of different experimenters. 

It may be noted in passing that the average point at which 
women are reported as feeling the actual current is considerably 
lower than the corresponding point for men. The difference is 
nearly 30 mm. on the scale of the instrument, a distance which 
represents, for any particular individual, a change from a just 
perceptible to a distinctly unpleasant sensation. This difference 
may be, as it purports to be, a real difference in the sensitivity 
of the sexes, or it may mean that the report of an actual shock 
was entered, in the ease of the women, more times when there 
was no actual shock. If the latter hypothesis is correct it means 
that the women are more suggestible before any shock has been 
administered. 

The following table gives the results, such as they are, ob- 
tained by the different experimenters. It will be seen that the 
men appear, on the average, to be better able to resist the sug- 


Experi- 

Num-faer 

Per cent 

Index 

N-um-ber 

Per cent 

Index 

menter 

women 

failures 

sug. 

men 

failures 

sug. 

A 

14 

35.7 

47.8 

6 

16.7 

25.0 

C 

12 

50.0 

78.2 

7 

42.8 

42.5 

G 

16 

0.0 

15.8 

7 

14.3 

9.0 

He 

9 

22.2 

25.7 

5 

60.0 

17.5 

Ho 

14 

7.1 

95.6 

1 

0.0 

140.0 

J 

8 

37.5 

55.2 

6 

33.3 

131.2 

M 

26 

3.8 

74.2 

8 

12.5 

57.1 

S 

8 

50.0 

34.8 

11 

18.2 

18.9 


107 

9.0 6 

57 9. 

51 

95 5 

49.6 



1916] 


Broivn: Differences in Suggestibility 


317 


gestion and that those of them who yield wait longer (i.e., wait 
for the coil to approach more nearly to its former position) be- 
fore they yield. The index of suggestibility is the distance in 
millimeters on the scale of the instrument between the ‘‘actual” 
and the imaginary shock. But while the general average shows 
the men more resistant, that is, less apt to report the current, 
yet four of the eight experimenters found the contrary to be the 
ease, namely, that a larger proportion of the women refused to 
give in to the suggestion. 

In these scores the results of only the first trial are recorded. 
The second trial will be used in computing correlations, but 
reference to it in connection with the per cent of failures does 
not clarify matters. There were only a few scattering cases in 



Fig. 4 — Shock. Light line, women; dark line, men. 
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wliich a failure to respond to the suggestion on the first trial 
was followed by submission to the suggestion in the second trial. 

The graphic representation (fig. 4) of the relative frequen- 
cies of different degrees of suggestibility in men and women 
confirms the impression that men are less suggestible in this test 
than women. Not only is the proportion of total resistance 
greater among men than among women, but a larger proportion 
of men wait until the coil has almost (20 mm. or less) reached 
the point at which they first felt the shock before yielding to 
the suggestion. There are fewer eases of extreme suggestibility 
among the men. 

Frequency or Different Degrees of Suggestibility 

The figures are the percentile proportion of the subjects who confessed 
to feeling the shock at various distances from the point where they first 


felt the actual shock. 

Distance Women Men 

Not at all, or only on second trial 21.5 25.0 

1-20 mm. before point of actual shock 28.0 S4.6 

21-40 mm. before point of actual shock 16.8 13.5 

41-60 mm. before point of actual shock 6.5 7.7 

61-80 mm. before point of actual shock 7.5 5.8 

81-120 mm. before point of actual shock 8.4 3.8 

121-160 mm. before point of actual shock 5.6 5.8 

161 mm. or more before point of shock 6.5 1.9 


The following table gives the correlation between ranking in 
this experiment and ranking in four other tests, as obtained by 
the several experimenters. As has been explained already, it 


Correlations Between Suggestibility in the Shock Experiment and 
Suggestibility in Four Other Tests 


E.Kperi- 

menter 

Number 

women 

Odors 

Heat 

Bright- 

ness 

Pitch 

Number 

men 

Odors 

Heat 

Bright- 

ness 

Pitch 

A 

14 

.07 

.34 

.10 

—.29 

6 

.14 

—.09 

—.09 

.03 

C 

12 

.27 

.45 

.20 

—.41 

7 

.45 

.12 

.43 

.71 

G 

16 

.38 

.09 

—.30 

.22 

7 

.43 

.44 

—.54 

.31 

He 

9 

.05 

.42 

.39 

—.13 

9 - 

-.37 

.17 

.83 

.08 

Ho 

13 - 

-.41 

.32 

.18 

.23 

1 

— 

— 

— 


jr 

9 - 

-.03 

—.15 

.47 

—.43 

6 

.49 

.60 

.71 

—.71 

M 

24 - 

-.20 

.08 

—.31 

—.27 

8 

.11 

,12 

.69 

.80 

S 

9 - 

-.60 

—.15 

.44 

.49 

13 

.32 

,38 

.12 

—.29 
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is not possible to attempt correlations involving the work of 
different experimenters because of the lack of uniformity in their 
methods of making the record. 

For women, 19 of the 32 correlations are positive, while 21 
of the 28 correlations are positive for men. On the whole, this 
test shows a distinct tendency to correlate with the other four. 
The positive correlation is particularly noticeable between Shock 
and Heat. These two are very similar in general method and 
they were always given one after the other in the above order. 

In conclusion it may be said that the Shock experiment shows 
that: 

1. Women are more apt than men to yield to the suggestion, 
and they do not wait so long before yielding as do the men who 
yield. 

2. There is a positive correlation between this test and the 
four others with which it can be compared. 

3. The correlations are more clearly positive for men than 
for women. 

5. Conclusions Regarding the Four Tests Involving the Idea 
OF A “Least Perceptible^^ Sensation 

The four tests so far described all involve the same type of 
suggestion. Through an appeal to pride and competitive interest 
the subject is led to anticipate and report as the “least percept- 
ible” a sensation for which there is no physical basis. 

A majority of the persons tested yielded to all four of these 
suggestions. On the whole, the test with Odors was the most 
successful of them ; only one person in ten could resist it. Touch 
was resisted by 28 per cent of the persons tested, and, moreover, 
those who did yield in Touch were more cautious than in Odors. 
Shock succeeded with a few more (only 22 per cent resisted) 
than Touch. Heat was the least successful of these four tests; 
it failed in nearly 40 per cent of the cases. The probability that 
the suggestion will succeed depends to some extent upon the 
length of time that it is kept up, and obviously the heat sug- 
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gestion, to which the subject was seldom subjected for more thau 
thirty seconds, could not be expected to influence so many per- 
sons as the suggestion of odors, which was ten times repeated and 
continued in all for several minutes. 

All four of these tests succeed with more \vomen than men, 
and in all except Heat they succeed to a greater extent also with 
women ; but in Heat the women who yield hesitate longer (though 
the difference is not great) than the men who yield. Three 
(all except Heat) of the graphs representing the distribution of 
different degrees of suggestibility show not only that cases of 
complete immunity from suggestion are more frequent among 
the men but that cases of extreme suggestibility are rarer. This 
evidence must be considered in support of the averages, which 
show a greater degree of suggestibility among the women. The 
averages by themselves are not very reliable from a statistical 
standpoint. Unfortunately it is not feasible, in view of the 
peculiar roughness of the data, even to state the degree of relia- 
bility of the averages, but the distributions indicate that the 
averages are not seriously misleading. Moreover, the conclusions 
are supported by the fact that the general averages are con- 
firmed by the separate findings of the individual experimenters. 

To some extent the indices of correlation should enable us 
to determine whether there is any real relationship between the 
members of this reputed family of tests. Heat shows correla- 
tions which are comparatively high (high, that is, in view of the 
average magnitude of the coefficients obtained between these 
tests) with each of the other three, and particularly with Shock, 
its nearest theoretical relative. The relationship between Shock 
and Touch has not been computed for lack of suitable data. 
Shock does not appear to be related to Odors any more closely 
than to tests of a wholly different type. Touch is more closely 
related to Heat than to any other test, notwithstanding the fact 
that the tests for these two experiments were made at different 
times and, for the most part, by different persons. Touch does 
not correlate as closely with Odors as with other and different 
tests, in spite of the strong theoretical relationship between them. 
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Odor gives higher correlations with other tests than with mem- 
bers of its own family. So far as the coefficients of correlation 
may be interpreted as indicating an actual resemblance between 
these tests which are supposed to have a theoretical relationship, 
they confirm the relationship between Heat, Shock, and Touch, 
but tend to deny it in the ease of Odors. 

Since the coefficients of coi*relation are, in general, more apt 
to be positive than negative, the results so far lend color to the 
theory that suggestibility is a trait such that a person who is 
found to be highly suggestible in one test will probably prove to 
be more suggestible than most persons in another test. This 
is certainly so if, as in the present group of tests, the different 
tests bear a certain amount of resemblance to one another. 


Ill 

FOUR TESTS INVOLVING THE PERCEPTION OP 
CHANGE 

1. Brightness ; 2. Pitch ; 3. Size ; 4. Motion 

The background for three of these tests is drawn from the 
familiar notion of a ^‘just perceptible change.'’ The notion of 
a just perceptible motion, embodied in the fourth of these sug- 
gestions, seems closely analogous to the others when it is ex- 
pressed as a ^‘just perceptible change” of position. In all four 
eases the subject is given an actual perception of change upon 
which to build up his anticipation. In all four cases the spirit 
of emulation is aroused. The degree of suggestibility is meas- 
ured in terms of the promptness with which the subject reports 
the imaginary perception after he has been told to look for it. 
In all of the four experiments the subject was given credit for 
a '‘failure” (i.e., immunity from suggestibility) if he resisted 
the suggestion for as long as two minutes. 
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1. Change op Brightness^® 

A color-wheel was provided by means of which the propor- 
tions between the black and white sectors of a disc could be 
varied while the disc "was in rotation. The apparatus, except the 
disc, was covered by a screen, and proper precautions were ob- 
served to prevent the subject from discovering that the experi- 
menter failed, after the preliminary demonstration, to change the 
sectors. 

The typewritten directions which were handed to the subject 
were as follows: 

LEAST PERCEPTIBLE CHANGE IN BRIGHTNESS 

It is the object of this experiment to determine how small a change in 
brightness you can detect. 

The experimenter will first demonstrate to you the operation of the 
apparatus, showing how the proportion of black and white can be changed 
while the wheel is in rotation. 

You are to sit directly in front of the wheel. The experimenter will 
give you a signal when you are to begin to look for a change in the 
brightness of the disc. The experimenter will hold a stop-watch to see 
how long the change continues before you notice it. 

As soon as you are sure whether the disc is getting lighter or darker 
you are to give a signal to the experimenter to stop the motor. Ordinarily 
only one trial will be given. 

A conspicuous change was given by way of preparation and 
then the actual test was begun with the word ‘‘now’’. No 
change was then made, but the time was noted until the subject 
thought he saw a change, either lighter or darker. This time is 
taken as the index of suggestibility. 

The following table gives the number of subjects and the 
average time of resistance as obtained by each experimenter. 
The figures are given without regard to the question whether 
the subject thought the change was toward “brighter” or to- 
ward “darker”. The number of persons who refused entirely 
to respond to the suggestion in this test was so small that it has 
not been entered in the table. Four women failed to respond, 
one with experimenter S. and three with experimenter He., and 

10 An experiment of a similar kind was tried by Seashore, Yale Studies, 
vol. 3, 1895, p. 32. 
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Change op Brightness 


Experi- 

menter 

Number 

women 

Average 

time 

Number 

men 

Average 

time 

A 

14 

23.6 

6 

10.7 

C 

12 

8.2 

6 

19.0 

G 

17 

9.9 

6 

6.5 

He 

10 

19.0 

8 

16.4 

Ho 

9 

13.4 

1 

8.0 

I 

11 

10.7 

6 

16.0 

J 

7 

18.4 

6 

18.5 

M 

24 

14.6 

8 

18.3 

S 

9 

5.5 

13 

10.9 

All 

113 

13.7 

60 

14.0 


three men, two with experimenter M. and one with experimenter 
He. The number of subjects given in the table is inclusive of 
these recalcitrants, but the average time does not, of course, in- 
clude them. This same method of tabulation will be followed in 
each of the three experiments following. 



Not 31-70 21-30 11-20 6-10 1-5 


Fig. 5 — ^Brightness. Light line, women; dark line, men. 



324 University of California Publications in Psychology ["Vol. 5 


No very marked difference in suggestibility appears between 
the sexes. The general average shows that the men hesitate a 
fraction of a second longer before yielding to the suggestion than 
the women, but this result is contradicted by the findings of four 
of the nine experimenters. 

The distribution of persons according to degrees of suggest- 
ibility (fig. 5) indicates that a larger proportion of the women 
than of the men yield to the suggestion within ten seconds. This 
argues in favor of the reliability of the average figure, which 
shows that men resist the suggestion a little longer than women. 
The absolute number of persons who wholly resist the suggestion 
is too small to give a reliable indication of a sex difference in 
that direction. 

Frequency of Different Degrees of Suggestibility 

The figures are the percentile proportion of the subjects who confessed 
to seeing a change after the various intervals of time. 


Time Women Men 

Not within 2 minutes 4.2 3.3 

51-70 seconds 1.7 3.3 

31-50 seconds 4.2 5.0 

21-30 seconds 9.2 10.0 

11-20 seconds 23.5 26.7 

6-10 seconds 28.6 25.0 

1-5 seconds 28.6 26.7 


The correlations between the rankings in this test and in the 
other tests are shown in the following table. On the whole, there 
is a tendency on the part of this test to correlate positively with 
the other tests. Of the correlations among the subjects of the 
separate experimenters, the women show twenty-one positive in- 
stances to thirteen negative and the men show twenty-two posi- 
tive to eight negative. Among the correlations for the larger 
groups, without regard to experimenter, some of the most clearly 
positive {Touch and Weights) are found for tests which were 
made at a different sitting and by different persons. The cor- 
relation is relatively high with Change of Pitch, which closely 
resembles Change of Brightness in general method and which 
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was always given immediately after it. Yet six of the seventeen 
correlations by separate experimenters are negative between these 
two tests. 

Correlations Between Suggestibility in the Test With Change op 
Brightness and Suggestibility in Nine Other Tests 


Women 


Experi- 

menter 

Number 

cases 

Touch 

Odors 

Heat 

Shock 

Pitch 

Size 

Motion 

Lines 

Weights 

A 

14 


—.05 

.66 

.10 

.20 





C 

12 


—.11 

.29 

.20 

—.06 





a 

16 


—.87 

.22 

—.30 

—.05 





He 

10 


.20 

,44 

.39 

—.10 





Ho 

13 


—.14 

.16 

.18 

.27 





I 

13 


.33 

—.47 

— 

.21 





J 

8 


—.35 

—.31 

.47 

—.14 





M 

24 


.33 

.09 

—.31 

.64 





S 

10 


.00 

.13 

.44 

.65 





All 

54 

.15 

.05 

.07 

— 

.18 

—.16 

—.05 

—.06 

.22 






Men 






Experi- 

menter 

Number 

eases 

Touch 

Odors 

Heat 

Shock 

Pitch 

Size 

Motion 

Lines 

Weights 

A 

6 


.55 

.26 

—.09 

.14 





C 

7 


—.32 

.65 

.43 

.04 




— 

G 

6 


.11 

.06 

—.54 

—.14 





He 

8 


—.28 

.19 

.83 

.18 





Ho 

1 


— 

— 

— 

— 





I 

5 


,50 

—.30 

— 

.81 





J 

6 


.57 

.36 

.71 

—.42 





M 

8 


.22 

.16 

.69 

.55 





S 

13 


.37 

.00 

.12 

.66 





All 

29 

.42 

.40 

.04 

— 

.38 

.09 

.39 

.08 

.40 


The following general statement may be made regarding the 
Brightness test : 

1. The amount by which women exceed men in suggestibility 
is very small. 

2. This test correlates positively with other tests. 

3. The positive correlations with other tests are much greater 
for groups of men than for groups of women. 
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2. Change op Pitch 

The following typewritten directions were handed to the 
subject. 

LEAST PBECEPTIBLE CHANGE OF PITCH 

It is the object of this experiment to determine how small a change of 
pitch you can detect. 

The experimenter will first demonstrate the apparatus to you, showing 
how the change of pitch is produced while the whistle is blowing. 

You are to sit with your back to the apparatus, so that you can not 
see how great a change of pitch is being produced, and listen intently to 
the whistle. The experimenter will hold a stop-watch to see how long the 
change continues before yon notice it. As soon as you are sure whether 
the change is up or down, that is, whether the pitch is higher or lower, 
yon are to give a signal to the experimenter to stop the whistle. Ordinarily 
only one trial will be given. 

The subject was shown the apparatus, which consisted of a 
Stern tonvariatoTj by which the pitch of the metallic whistle 
could be altered while the whistle was being blown from a float- 
ing tank of air. He was then seated with his back to the instru- 
ment and the whistle was started at a pitch of 420 vibrations 
per second. A rapid and conspicuous change of pitch was then 
made up to 435 and back to 420. The experimenter then refilled 
the air tank, started the stop-watch and said ready’’, while the 
whistle was steadily blowing but without any change of pitch. 
The degree of suggestibility was measured by the time the subject 
waited before announcing the direction of the change of pitch 
which he imagined he heard. 

Only 4.4 per cent of the subjects (four women and four 
men) failed to hear a change of pitch within the two-minute 
period which was allowed for the suggestion to take effect. We 
are not prepared to say that the pitch of this whistle does not 
really change while it is blowing, but if it does there is little 
agreement among the subjects as to the direction of the change ; 
59 per cent of the women thought the pitch grew higher, and 
53 per cent of the men thought it grew lower. The following 
table shows the number of persons experim^ented upon by each 
operator and the average time of the delay before responding 
to the suggestion. 
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Experi- 

Number 

Average 

Number 

Average 

menter 

women 

time 

men 

time 

A 

14 

16.1 

6 

25.7 

C 

12 

21.0 

7 

17.3 

Gr 

16 

13.3 

7 

18.3 

He 

11 

16.1 

9 

22.4 

Ho 

11 

31.1 

1 

28.0 

I 

12 

21.8 

6 

27.0 

J 

9 

14.1 

6 

16.5 

M 

26 

8.7 

8 

12.2 

S 

9 

8.8 

12 

15.2 

All 

120 

15.7 

62 

19.4 


The general average shows that women respond to the sug- 
gestion more quickly by about three and a half seconds. Seven 
of the nine investigators agree in finding that women respond 
more quickly. 

The distribution of the degrees of suggestibility (fig. 6) does 
not show as consistent a difference between the sexes as is shown 


Not 31-70 21-30 11-20 6-10 1-5 

Fig. 6 — ^Pitcli. Light line, women; dark line, men. 
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by some of the other distributions. The men are less apt to 
respond within five or within ten seconds, but more men respond 
in from six to ten seconds. The mode for men is between six 
and ten seconds ; yet it must be said that on the whole less men 
than women respond within ten seconds and that more men than 
women reject the suggestion for more than twenty seconds. 
More women than men resist for more than fifty seconds, and 
more men than women hold out for the entire two minutes of 
the test, but the absolute number of individuals concerned in 
these last statements is small. 


Frequency of Different Degrees of Suggestibility 

The figures "show the percentile proportion of the subjects who con- 
fessed to hearing a change of pitch within various intervals of time. 


Time Women Men 

Not within 2 minutes 3.2 6.3 

51-70 seconds 5.6 1.8 

31-50 seconds 6.4 8.0 

21-30 seconds 12.8 19.0 

11-20 seconds 28.0 25.4 

6-10 seconds 23.2 30.1 

1-5 seconds 20.8 6.3 


The absolute time of hesitation in this test is from two seconds 
(women) to five seconds (men) longer than in the test for 
Change of Brightness, But in spite of this fact the test succeeds 
just as well in that , nearly all the persons tested yield to the 
suggestion within the time limit of two minutes. 

The following table shows the correlation of other tests with 
Change of Pitch, Of the correlations obtained for the subjects 
of separate experimenters, the women give thirteen positive and 
twenty-one negative ; the men twenty-two positive and nine nega- 
tive. This test correlates comparatively closely with the anal- 
ogous test in Change of Brightness and to some extent with Size, 
Weights, and Touch, but it does not correlate well with Odors, 
Heat, or Shock, in spite of the fact that the last-named tests were 
administered at the same sitting and by the same persons. 
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(’t»uui-:i.ATU>Ns Hmtwkkn sr<{(a«:sTiuiLiTv in the Test With Change ou- 
Pitch ani> Scggestibility in Nine Other Tests 


/romcn 


Experi- 

Numiun* 

Oilors 

Mont 

Shook 

IlriKht- 

noHS 

Sizu 

Motion 

nines 

Weights 

A 

14 

.;u 

' .la 

-».20 

.20 





c; 

m 

.12 

.41 

* -.41 

- -.0(5 





(i 

u» 

,i:. 

.2S 

2'* 

--.0,5 





Mo 

11 

.(Ml 

.2:1 

.la 

- .10 


f 



llo 

14 

.mi 


.2a 

.27 




I 

i:i 

.:i(> • 

.10 


.21 





J 

<1 


.00 

.4a 






.\r 

:J4 

.11 

.01 

-.27 

.(14 





s 

0 

.:i2 

.ao 

.40 

.(1.5 





MI 

r»4 .L‘7 

.m 

.20 

... 

.18 

.04 

.1(1 

.05 

.07 





A/Ch 






Expori 

ni«*rUtT 

N'timlH'i* 

OdiM'N 

Ut*u( 

Sluiok 

HriKht- 

nosH 


Motion 

Lines 

W<*ight8 

A 

0 

o.r 

.2(1 

.oa 

.14 





C 

7 

Su 

.(10 

.71 

.04 





(i 

7 

.•m 

.4H 

.ai 

-■>.14 





He 

0 

.10 

.52 

.os 

.18 





Uo 

I 

1 

r» 

.771 

.70 


.81 





J 

0 

.‘M) 

.71 

.71 

’ .42 





M 

s 

.IH 

.2(1 

.80 

.55 






H 


.Of) 

.01 

.20 

.0(1 





All 

20 . 1 r» 

.1(1 

,0(1 


.58 

.4(1 

.00 • 

--.08 

.58 


Tli(‘ (Intn <jf this cxiuTinuHit warrant th(‘ following general 

HtatiHHentH: 

1. N(‘arly all ptH-soim yield to the sugg(‘Htion of Change of 
IHtch, hut women yi<‘l<l mon* ((uiekly than men. 

2. Sugg(*stihility in this tent is positively eorndated, to a 
small ext<‘nt, with sugg<‘Htil)ility in othin- tests. 

2. The eorrelations an* much (dos(‘r with groups of men than 
with groups of women. 
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3. Change of Size 

An Aubert diaphragm was interposed between a light and a 
lens in such a way as to throw a bright square of light upon a 
translucent screen of waxed paper. The image was about 5 cm. 
square and its corners were placed in the Tertical and horizontal 
axes. The instructions handed to the subject were as follows: 

LEAST PEECEPTIBLE CHANGE OP SIZE 

It is the object of this experiment to see how small a change of size 
you can notice. You will see a bright area on the screen. This can be 
made gradually larger or smaller. Watch it closely and as soon as you 
see any change of size tell the experimenter whether it is increasing or 
decreasing in size. 

By opening the Aubert diaphragm with a rack and pinion 
the experimenter produced, for demonstration, a very noticeable 
increase in the size of the bright square. He then reduced the 
square to the original size and said ‘ ^ ready No further change 
was made in the size of the square. The time was recorded 
from the word ready’’ till the subject reported an increase or 
a decrease. This time was taken as the index of suggestibility. 
Two minutes were allowed for a failure. 

This experiment was given at the same sitting with, and 
immediately after the completion of Motion, which will be de- 
scribed next. Brightness and Pitch, which have just been de- 
scribed, were given at a different sitting, and usually by different 
experimenters. 


Experi- 

menter 

Number 

women 

Average 

time 

Number 

men 

Average 

time 

A 

19 

11.1 

10 

8.2 

G 

8 

6.8 

6 

12.2 

G 

19 

11.1 

6 

3.1 

He 

10 

13.3 

19 

17.9 

.1 

12 

11.5 

8 

4.9 

S 

11 

11.6 

11 

6.5 

All 

79 

11.1 

60 

10.3 


The sex differences in this experiment are very slight. More 
men resisted the suggestion completely (one in every 12 as com- 
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pared with one woman in 79), but the average time of resistance 
of the men (10.3 seconds) was less than that of the women (11.1) . 
Pour of the six experimenters agree with the average in finding 
that the men yield sooner than the women. The figures are 
given in the table on the opposite page. 

The distributions according to degrees of suggestibility 
(fig. 7) show that the men are more apt to yield within five 
seconds, and also, as stated above, more apt to resist completely. 
The distribution is not unlike that for Brightness, except that a 
larger proportion of all the eases fall within the first ten seconds. 



Fig. 7 — Size. Light line, women; dark line, men. 
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Frequency op Different Degrees op Suggestibility 

The figures show the percentile proportion of the subjects who con- 
fessed to seeing a change of size within various intervals of time. 


Time Women Men 

Not within 2 minutes 1.3 8.3 

ol seconds or more 1.3 1.7 

31-50 seconds 5.1 3.3 

21-30 seconds 6.3 6.7 

11-20 seconds 19.0 11.7 

6-10 seconds 35.5 30.0 

1-5 seconds 31.6 38.4 


The absolute time which elapses before the average individual 
yields to this suggestion is somewhat less than for Brightness or 
Pitch, yet the number of total failures is larger. 

The correlations between this and other tests, as shown in the 
following table, are generally positive. Those based on ranking 
29 men and 54 women, without regard to experimenter, in this 

Correlation Between Suggestibility in the Test With Change of Size 
AND Suggestibility in Eight Other Tests 


Women 


Experi- 

menter 

Number 

cases 

Touch 

Odors 

Heat 

Bright- 

ness 

Pitch 

Motion 

Lines 

Weights 

A 

19 

.01 





.42 

.49 

.17 

C 

7 

— 





.21 

— 

— 

G 

19 - 

-.10 





—.13 

—.21 

.12 

He 

10 

.19 





.73 

—.01 

.21 

I 

12 

.12 





.62 

.68 

—.05 

S 

11 

.07 






.45 

—.40 

.53 

AU 

54 

.04 

.08 

.04 

—.16 

.04 

.12 

.06 

.27 

Experi- 

menter 

Number 

cases 

Touch 

Odors 

Men 

Bright- 
Heat ness 

Pitch 

Motion 

Lines 

Weights 

A 

10 

.16 





.70 

.04 

.29 

C 

5 

— 





.98 

— 

— 

G 

6 

.20 





.94 

—.03 

—.09 

He 

19 

.33 





.83 

.47 

—.12 

I 

7 

.34 





.45 

.84 

—.34 

S 

11 

.35 





.08 

.53 

.09 

All 

29 

.30 

.39 

.26 

.09 

.46 

.36 

.17 

.22 
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and eight other tests give only one negative instance for the 
women and no negative instance for the men. The correlations 
for the separate experimenters, in this and four other tests, show 
fifteen positive to six negative eases for the women and seventeen 
positive to four negative for the men. 

The correlation is high with Motion^ which was performed at 
the same time and by the same persons and according to an 
almost identical method; hut it is also high with Odors j which 
was as different as possible in method, and performed at a 
different time and, usually, by different persons. The corre- 
lation is much closer with Pitch than with Brightness^ although 
both of these experiments seem to rest upon much the same 
methods as were employed in the present experiment. 

The general conclusions for this experiment may be stated 
as follows: 

1. No clear sex difference in suggestibility appears. Although 
men tend to yield sooner than women to the suggestion, more 
men also succeed in completely resisting it. 

2. There is a positive correlation between this test and nearly 
all of the others. 

3. The correlations are much higher for men than for women. 

4. Motion^^ 

A strip of medium gray paper was stretched from the picture 
moulding to the floor in a partially darkened room. A disc of 
light, just bright enough to be clearly visible on the background 
of the paper, was projected upon the middle of the paper. The 
. disc was 5 cm. in diameter and was about 3 meters away from 
the subject, a little above the level of his eyes. The directions 
were as follows: 

LEAST PERCEPTIBLE MOTION 

It is the object of this experiment to find how small a motion you can 
see. You will see a small circle of light on the wall. This light can be 
raised or lowered. Watch it closely and as soon as you see any motion 
tell the experimenter whether it is going up or down. 

11 The experiment of Small, Ted. Sem., vol. 4, 1896, p. 182, with the toy 
camel bears some resemblance to this one. 
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For clemoiistnitioti tho (Use* was nuitlr to riso nhout 1.1 <nt 
by turning the erank of au t*Ievatini 4 : staiitl up<»u whieh the lijifh 
stood. It was tht‘ii lowen‘d to the starting |Mnat. Tluai tli 
(‘xperiiueiit<*r sahl ‘'rea<ly" and he^aii to tiivn tlie eraiik of an 
other staud, luakuij^ tin* saim* noise as that nnule when the li«;h 
was really inovtsL Time was reeorde<l from the wtird ’'rea<ly' 
till the sul)jt‘(‘t re[)orttsl motimi. The test was eonsiih*red , 
failure if no motion was reportetl within fw«» minutes. Of 7l 
women, only thrts* faihsl to see a ehaOKe vvitldn lialf a minut 
and nont‘ resisted tor tw<» mintitt\s. Of oS uuan nim* failed I 
see a motion within half a minute, and of tlu’Se six held ou 
beyond tin* two-minutt* limit, hut it shtadd he noted tliat itvt‘ u 
the six W(U‘e n‘portetI by one t*xpt»rinienter ( He. 


Kxim «*i 

nu'Htri' 

NmuUi'j* 

Wiidti'U 

tun*' 


Vv 

tniiK' 

A 

10 

\\M 

lo 

l:ro 

(’ 

s 

o.:i 


te,| 


10 

PJ.o 

♦; 

r»,7 

!!<* 

P» 

lit.O 

10 

It,:. 

I 

I’J 

PJ.O 



8 

n 

s,r 

M 

0 M 

All 

70 

lO.O 

.Vh 

lO.H 


Th(* avera^^e tiuu* of rf»sisriii«* the sn«:u:fStion is j^reater foi 
the women by a very sllj'ht amount, nlthoui^h bmr <if the si> 
experimt*ntt‘rs found the tinu* longer for the men. 

Th(‘ distribution <»f the dej^frees of sun^^^estibility, shown if 
figure 8, indieates that a larger proportion of the wtunen yieh 
to th(‘ suggt»stion within five seeonds and that none of them resisi 
for the whole two minut*\s of the test, A eompnratively larj't 
proportion of tin* men hobl <int against tin* stiggestitm for tb 
(uitin^ two minutes. 

Wonum apptnir t<» he slightly more stiggestihle than men it 
this (*xiK»rim(*nt, although the simple average givi*s an imiientioi 
th(‘ oili(U‘ way. 

With r(‘Sp(*et t<i tin* ahsedute time reipdred before the suj; 
gestion h<*eomes etVeetive, and t<i tlie genera! form of th«“ eurve* 
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Not 50-120 31-50 21-30 11-20 6-10 1-5 


Fig. 8 — Motion. Light line, women; dark line, men. 

of distribution of degrees of suggestibility among individuals, 
this experiment tallies very closely with the one on Change of 
Size. The superficial resemblance of the two experiments seems 

Frequency of Different Degrees op Suggestibility 

The figures show the percentile proportion of the subjects who con- 
fessed to perceiving motion within various intervals of time. 


Time 

Women 

Men 

Not within 2 minutes 

0.0 

10.3 

51 seconds or more 

1.3 

1.7 

31-50 seconds 

2.5 

3.5 

21-30 seconds 

7.6 

3.5 

11-20 seconds 

25.3 

22.4 

6-10 seconds 

34.2 

34.5 

1-5 seconds 

... 29.1 

24.2 
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to be confirmed by tlu* data. There is also a rtdatively hiftli 
degree of correlatioti bet\vt‘en ranking in Sizt ami in MtitifOi, 
The correlations for this test are shown in tlu» following tahliv 
For the group of 54 women, without regard to tvxpt*rimentt‘r, 
there are five of the eight eorndations whieh are negativt*. In 
spite of these negativ(‘ eorndations f(»r tlu* women, tht*re art* ne 
negative correlations for any of these eight tests among the 
corresponding group of 29 mem Of tlu* st*paratt* eorrelntiou« 
for the subjects of partieular <*xperimenti*rs, tlu*re are sixtet*n 
positive to five lu^gaiivt* emses for the men. The wonum sluav 
twelve positive* to niiu* iu‘gativ<*. 


Correlations Between HiHaiKSTiim.iTY in the 1'est With Mivnus asu 
S reKJESTIim.lTV IN Kuhit (Hhieu TESI’S 




Kxpori* 

mentor 

Numlu*r 

Touch 

Oiiors 

UriKhl 

iSHh 

Suv 

t.lllC'i 

Wriishr 

A 

1<) 

.24 




.12 

.15 

.01 

0 

7 





.21 



G 

19 

*>2 




,15 

.29 

,os 

Ho 

10 

.45 




,75 

.19 

.5.1 

I 

12 




.02 

.05 

.51 

S 

11 

,()(> 




.15 

.00 

.00 

All 
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.2S 

.24 .05 

.10 
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.20 
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G 

0 

.14 
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.05 

.20 

Tin 

19 

.51 




.S5 

,n:\ 

.00 

1 

7 

.57 




.15 

.fiS 

.15 

S 

11 ^Ai) 




.IIS 

..^5 

.20 

All 

29 

.19 

.14 

.00 .rjit 

.t»U 

.50 

.25 

.Is 


The only test whhdi shows a goo<l positive esirrelatiou with 
Motion for both nu*n ami women is Sizt\ l*iirh and Tmn h are 
the only oth(‘rs for whieh a positive eeirrelntitin is foiuul among 
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women. Briglitnvsn a hi^li positive figure for men and a 
small n(‘gativ(‘ figun^ for women. 

No eonelusions of mneh value can be drawn from this ox- 
porinuMit : 

1. Wonum ar(‘ pm'luip^s more suggestible. 

2. Whil<‘ mtm show a positive correlation between this and 
most other t(‘.sts, women do not. 


r>. ThK I)IKK(!TI0N’ of TIIF. Im.VCHN.VUY (hlANGK 

A curious plnnuauenon in connection with the (vxj)eri!nents 
involving tin* suggestion of an imaginary change is that the sug- 
Igt^stiou s(‘(‘ms t(» work mon^ tdTectivedy in mu‘ dir(‘ction than in 
the otlun*. Kor (‘xamphs a change of brightm^ss is more apt to 
app(‘ar as an inmasr than as a dovroasr; the disc s(‘ems to bt‘- 
come lightm* more oftt‘n than it secerns to become darlao’. Th(‘ 
data on this point are co!iibim*d for the four expiunnumts in the 
following tabh*: 



Niimhor 

Av*'rn«:«» 

N'urnlM»r .Av(*ru/f<» 

Totnl 



womt'u 

timo 

mt‘a 

tim** 


tinjo 

lirightiu'ss * ‘ ’ ’ 

ei4 

14:4 

42 

i:{.5 

100 

14.4 

Hri^htue'ss ‘ ^ «lurke r ’ ’ 

. 47 

11.4 

17 

1 : 1.0 

04 

12.0 

I’ite'h V 

m) 

\: u ) 

27 

10.7 

90 

14.4 

IMte'h ^Mown^’ 

... 47 

IH,4 

:n 

22 7 

7H 

20.2 

** iti(*n*a.s(* ” 

4ei 

ni.ei 

:t(i 

10.4 

H 2 

10.0 

Bixe* ‘ ‘ <U*(Tt*,'iH<* ” 

2H 

12 .« 

10 

10,9 

44 

12.0 

Motion 

50 

10.9 

00 

i:i .2 

74- 

n.o 

Motion ** down ’’ 

.. 24 

1 1.4 

27 

9.2 

01 

10.2 


Th(‘ figun*s imlic'uti* a markcHl tenthmey to favor tb(‘ judg- 
nnmt of “inert*ase” or “up'\ No chmr difTenmce is ap{)arent 
l)(‘tw(‘{‘n the se.\<‘H with n^gard to this bmd^me.y, although two 
(‘xc(‘ptions to tin* g**n<‘ral ruh* are found in th(‘ masculim^ groups. 
On th(‘ whol<‘, tlu*re is evidtmee that the mon* favored response* 
is given with h‘SH liesitation, that is, in a shorter times than the* 
I(*.ss fav<)r<*d re*spons(*. Mxc(*ptionH are found in the* case* of tlie* 
\vome*n in Brightnrss anel the* me‘n in Mothni, In the* latte*r e‘ase* 
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the total for men and women togetlu^r beeouK's an t‘xeeption tc 
the general rule through the luaguitiuh' of tht‘ exeeptional figiirt*^ 
for the men. 

If an interpretation of this pheuonumon is sought it may be 
found in the fact that tiie ‘"inerease” or ''up*' direetiou o{ 
change was always mentioned first in the tlirt‘etions whieli were 
put into the subjects’ hands, or in the fnrthtu' faet that the same 
direction of change was always used first in giving tlu* dtMnon- 
stration of an actual change b(dbr<‘ th(‘ t(‘st. Tht^ diversity of 
the experimental material makes it highly improhabh^ that tht‘ 
phenomenon springs from purely scmsory sources. Sueh an ex- 
planation readily suggests its<‘lf for orn^ or anotlu*r of the t*xperi- 
ments singly, but would seareidy aeeonnt for tln» rather uniform 
effects in all of the experiments togetlun*. It is possible that tin* 
preference for one judgment rather than tin* other depends upon 
a deep-seated central t(*ndeuey wln*rt‘by the mental rna<*hinery 
is prepared to give exi)ression to om* notion more reatlily than 
the other in the absence* of any outer change in the situation. 

6. Conclusions Rkoaudincj tiik Foru Tksts Basko <»n tuk Iuk\ 
OF A “LkAST BHUOKeTUiLH*’ (‘UANiU-: 

These four experim(‘nts p(‘rnut of a vt»ry chwe (*omparison, 
not only with res[)ect to tin* form of tin* suggestion but also with 
resi)eet to the measur(‘m(*nt of suggestibility. Tln*y all n*st upon 
the familiar notion of a “just p<*rceptible change"; they are all 
reinforced by a demonstration of actual (diangt*, and th«‘y art* all 
scored by the lapse of linn* b(*for(» tin* suggt‘Stion taki‘s (‘tTet*t. 

The four experiments are all successful in He<*uring an almost 
uniform acceptance of tin* suggestion. Mon*ovf‘r, tin* suggestion 
is accepted very promptly. Tin* following (able shows the aver- 
age time elapsing before tin* subject yiehled to the suggestion, the 
I.)roportion of tln^ subjects who accepte<l tin* suggestion within 
ten seconds, and the proportion of tin* sul>jects who rt*fusi*d to 
accept the suggestion within two minutes. 

This group of {‘xp(*riments do<*s not r(*veal a very elear st‘x 
difference in suggestibility. Considering the average time of 
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Avt*rttK« 

!*<**• ce'iit 

within 

l*<>r con 
rcsistiiii 
over 


time 

U) St‘(*S. 

2 min. 

Hrighttu'ss 

1 l\,H 

nn% 

0.0% 

Pit(*h 

UU) 

41 

4.2 

Size* 

10.7 

os 

4.;{ 

Motion 

10.0 

01 

4.4 

re^sistaiuH*, the* number of 

re*fusals, 

anti the 

proportion of ([uick 

ivs])onse*s, it appt*ars that 

the* women are 

more sugge*stible in 


iHtcIi and lt‘ss (*li‘nrly so in Hrightnr.Hs. Mz(' shows a bri(h^n‘ 
i*<.\sistancH‘ but also a lar^tu* proport ioii of total refusals aiuong 
tlu' mini. Molion no positive (Utrenuiee, altlioujjfh th(‘ dis- 

tribution shows nu)r(‘ wonuui yi(ddin^ within liv(‘ seeonds and 
fo\V(‘r r<‘sistinK f<»* two minutes. Taken as a group, the four 
tests show wom(*n sonu*whnt more 0[)en to suggestions of this 
ty p(* than num. 

Tlu‘ eorr(‘lations indieat<» that the tlumndieal r(‘hitionships 
btdw(‘t‘n the four t(‘sts of this group art^ r(‘fl(‘et(‘d in th(‘ (‘ff(‘ets 
iiX>on tlu‘ snbj(*<dH. is mor(‘ elos(dy eorndated with Bright- 

’>irss than with any other test; its lusxt elos(\st eorndation is with 
and it is positively correlated, for both num and wouK^n, 
with Moli<tn, Brighlnvss, howev(‘r, has other eom^lations 
stronger than tliat with Bitch, while* its correlation witli Molion 
is not <dos<‘, and with Bizr tin* poort*st of all. Hizc is e.los(‘Iy (as 
th(‘S(* figur(‘S go) eorrelat(‘<l with Motion and IHtch, but not with 
lirighfnrss. Motion and Size are* eIos(*ly e.orr<*lat(‘d, l)ut all tin* 
otlu‘r e.orr(‘lations for Motion are very uti<*.(‘rtain on account of 
tlie V(*ry low eoeirieients obtained from tln^ women and the* v<*ry 
imich b(*tt(*r figur(‘S obtaineal from the* mem. On tln^ whole*, tin* 
redation of the two [)airs, IHtvh with Brightnr,s\s and Motion with 
JSItzr, stamls out clearly. Kurtln^r, IHlvh, Bizc, and Motion s(‘(*m 
to b<‘ int(‘rn‘lat(*d, hut Brightness do(*s not se‘(‘m to be* closidy 
redated to any of tlH‘m (‘xe(*pt Bitch, While these* four tests 
r(*ally s<*(‘m to constitute* a fatnily group, it must be* acknowl(‘elge‘d 
that the*ir n‘lationslups within the group are not muedi stronge*r 
than some* of the‘ir r<*lationships outsiele* the group, and in the* 
case* of Motion not so strong. 
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Although these tests do not afford many high coefScients of 
correlation with other tests, positive figures occur more fre- 
quently than negative ones. This seems to indicate, so far as it 
goes, that suggestibility is a trait of such a kind that if a person 
proves suggestible in one of these tests he is more apt than not 
to prove suggestible in other tests. ■ Since the coefficients are 
much higher for men than for women, the above conclusion is 
much more probably correct for men than for women. 


IV 

TWO TESTS DEPENDING UPON A SEMES OP 
PROGEESSIVE INCREASES 

1. Progressive Weights; 2. Progressive Lines 

These tests were made as nearly alike as possible in method 
and in scoring. The idea in the background in the directions 
was ^ ‘least perceptible difference’’ or “delicacy of discrimina- 
tion.” The real source of the suggestion seems, however, to be 
the actual series of increases with which the experiment begins. 
The method of scoring was adapted to the purpose of obtaining 
exactly comparable scores from the two experiments. 

1. Progressive Weights^^ 

Fifteen black tin boxes of uniform appearance, but marked 
on the top in a conspicuous manner with numbers, in order, 
from one to fifteen, were placed in a row on a table. The actual 
weights of the first five were 20, 40, 60, 80, and 100 grams, and 
all the others were 100 grams. The directions which were 
handed to the subject were as follows: 

discrimination of weights 

This experiment is intended to test your ability to distinguish hetween 
weights. Lift the weights, one after the other, as directed by the experi- 

12 This experiment is Binet’s (La suggestibilite, pp. 161-208).^ The 
directions, material and method of scoring are according to Whipple, 
Manual of Mental and Physical TestSj p. 410, edition of 1910. 
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menter, beginning on the left. As you lift each weight say whether it is 
heavier, lighter, or the same as the one just before it. All that you have 
to say is either ' 'lighter " heavier or "the same." Eemember you 
are to compare each weight with the one lifted just before. Do not lift 
any weight more than once. 

The experimenter indicated to the subject the manner of 
lifting the weight between the thumb and fingers. It is very- 
hard to make the subjects follow the directions in this experi- 
ment, and more verbal explanations were required than is de- 
sirable; but once the subject had got fairly started there was no 
difficulty in making the judgment. 

There w-ere ten judgments upon weights which were really 
all the same. The index of suggestibility was obtained by count- 
ing the number of judgments heavier’’ which occurred among 
the judgments on these ten weights. The table below indicates 
that women are more apt than men to continue saying ‘‘heavier” 
when there is no longer any difference between the weights. 
The average result is confiirmed by the findings of four of the 
six experimenters. 


Experi- 

menter 

Number 

women 

Average 

number 

’‘heavier” 

Average 
Number number 
men “heavier’ 

A 

19 

4.3 

10 

3.6 

C 

9 

4.8 

6 

4.1 

G 

19 

4.1 

6 4.1 

He 

10 

5.2 

19 

4.1 

I 

12 

4.4 

8 

4.9 

S 

11 

4.9 

11 

3.7 

All 

80 

4.5 

60 

4.05 


As some objection may be raised to the method of scoring, 
on the ground that no account has been taken of the number 
of times the weights were judged equal, it may be added that 
the average woman calls the weights equal 3.5 times, while the 
average man calls them equal 3.7 times in ten trials. This 
indicates that the index according to positive eases, as given 
above, does not seriously misrepresent the actual sex difference. 

The distribution of persons according to different degrees of 
suggestibility, shown in figure 9, reinforces the inference from 
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0, 1 2 3 


4 5 6 Over 6 


Pig. 9 — ^Progressive Weights. Light line, women; dark line, men. 


the average that women are more suggestible than men in this 
experiment. More men say ‘‘heavier’’ only three times or less 
(47 per cent as compared with 30 per cent). More women say 
“heavier” seven times or more (12.5 per cent to 6.7 per cent). 
The mode for the women is four judgments of “heavier”, that 
for the men three. 

Prequency or Different Degrees of Suggestibility 

The figures show the percentile proportion of the subjects who reported 
^ ^ heavier ^ ^ 0, 1, 2, 3, etc., times among the 10 trials with equal weights. 


Times 

Women 

Men 

Times 

Women 

Men 

0 

1.3 

1.7 

6 

13.8 

18.3 

1 

0.0 

3.3 

7 

5.0 

5.0 

2 

8.6 

11.7 

8 

7.5 

0.0 

3 

20.0 

30.0 

9 

0.0 

1.7 

4 

22.5 

13.3 

10 

0.0 

0.0 

5 

91. .3 

15.0 
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The correlations between ranking in Weights and other tests 
is shown in the following table. In the groups of 54 women and 
29 men the women give two negative correlations out of eight 
{Touch, Motion) and the men one {Seat). The correlation is 
unusually high with Brightness, Pitch, and Size; and positive, 
but not high, with the closely analogous test of Progressive Lines. 
Particular interest attaches to the high correlation with 
Brightness and Pitch, not only because these tests involve an- 
other method and were given by different experimenters at a 
different time but also because their suggestion is addressed to 
sight and hearing respectively, while the suggestion of Weights 
is addressed to a different sense. The correlation is negative 
for the women and not high for the men with Touch, which is 
addressed to the same, or to a closely related, sense. Perhaps 
it should be noted, however, that the conspicuous numbers on 
the tops of the weights make a strong appeal to the eye. Of 
twenty-one correlations for separate experimenters thirteen are 
positive for women and the same number for men. 

Correlations Between Suggestibility in the Experiment With Pro- 
gressive Weights and Suggestibility in Eight Other Tests 


Women 


Experi- 

menter 

Number 

cases 

Touch 

Odors 

Heat 

Bright- 

ness 

Pitch 

Size 

Motion. 

Lines 

A 

19 - 

—.24 





.17 

.04 

.44 

C 

9 

— 





— 

— 

.41 

0 

19 

.05 





.12 

—.08 

.05 

He 

9 

.68 




_ - 

.21 

.35 

—.08 

I 

12 - 

—.08 





—.05 

—.31 

—.07 

S 

11 

.04 





.53 

.06 

—.05 

All 

54 ■ 

—.13 

.18 

.05 

.22 

.07 

.27 

—.24 

.17 






Men 





Experi- 

menter 

Number 

cases 

Touch 

Odors 

Heat 

Bright- 

ness 

Pitch 

Size 

Motion 

Lines 

A 

10 ■ 

—.20 





.29 

.42 

.01 

0 

5 

— 






— 

— 

.90 

a 

6 ■ 

—.46 






—.09 

—.20 

—.46 

He 

19 

.08 





—.12 

.09 

.05 

I 

7 

.24 






—.34 

.13 

—.44 

s 

11 

.08 



— 


.09 

.20 

.13 

All 

29 

.11 

.16 

—.16 

.40 

.38 

.22 

.18 

.16 
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The final statement for this test may be put in the following 
way : 

1. Women are undoubtedly more suggestible than men. 

2. There is a positive correlation between this test and others, 
and the correlation is not lower for tests given by a different 
method, by different persons, at a different time, and addressed 
to a different sense organ. 

3. The correlations are higher with groups of men than with 
groups of women. 


2. Progressive Lines^^ 

This experiment corresponds very closely to the one with 
Progressive Weights, just described. They were given by the 
same experimenters at the same sitting, but another test inter- 
vened between them. The directions which were handed to the 
subject read as follows : 

ESTIMATION OF LENGTH OF LINE 

It is the purpose of this experiment to test your ability to estimate 
the length of short lines. You will see one line at a time and you are to 
reproduce it right afterward from memory. Take one look at the line 
and then make a mark on the cross-section paper just the distance from 
the left-hand edge that the line is long. Then say ‘ ' ready ^ ^ and the next 
line will be shown you. Make your estimate of it just under your estimate 
of the last line. And so on for all of the twenty lines. 

The lines were drawn very black on glazed white paper and 
attached to a drum which could be revolved. They were ex- 
posed, one at a time, through a horizontal slit in a screen. The 
estimates were made on every fifth line of a sheet of millimeter 
co-ordinate paper. All the preceding estimates could be seen 
when a new one was made. The actual lengths of the first five 
lines were 12, 24, 36, 48, and 60 mm., and all the rest were 60 mm. 

In order to make the results comparable with those of the 
last experiment {Weights), suggestibility was measured in terms 

13 This experiment is Binet^s {La suggestibilite, pp. 83-160). The 
material and directions are according to Whipple; Manual of Mental and 
Physical Tests, p. 414, edition of 1910. The method of scoring has been 
changed to conform with that used in the experiment with Progressive 
Weights. 
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of the number of estimates, among the ten following the last 
actual increase, which were greater than the estimate of the 
preceding line. Such an increase in the estimate corresponds to 
the judgment heavier” in the Progressive Weights. It will be 
noticed that in this manner of scoring no account is taken of the 
last five estimates. They were included in the programme of the 
work before it was realized that they would not be wanted. 

According to the table below, there is no sex difference in 
the average number of lines which are drawn longer than the 
one just before, but it may be noted that four of the six separate 
experimenters find the women more suggestible in this respect. 


Experi- 

menter 

Number 

women 

Average 

number 

“longer” 

Number 

men 

Average 

number 

“longer” 

A 

19 

3.6 

10 

4.7 

C 

9 

3.7 

5 

4.2 

G 

19 

3.6 

6 

3.3 

He 

9 

4.3 

19 

3.8 

I 

12 

4.8 

7 

4.3 

S 

11 

5.1 

11 

4.2 

All 

79 

4.1 

58 

4.1 


The average woman makes the lines equal more times than 
the average man (2,8 to 2.6), but makes them decrease less times 
,(3.1 to 3.3). In other words, the men do not make the lines 
equal quite so often, but they make them shorter enough more 
times so that the number of increases is the same for men as for 
women. 

The distribution of persons according to degree of suggesti- 
bility, shown in figure 10, does, however, indicate that women are 
somewhat more suggestible than men. The mode for the women 

Frequency of Different Degrees op Suggestibility 

The figures show the percentile proportion of the subjects who drew a 
certain number of lines longer than the line just preceding. 


Lines 

Women 

Men 

Lines 

Women , 

Men 

0 

0.0 

1.7 

5 

34.2 

24.2 

1 

3.8 

8.6 

6 

8.9 

8.6 

2 

10.1 

6.9 

7 

1.3 

1.7 

3 

16.5 

25.9 

Over 7 

0.0 

0.0 

4 

25.3 

22.4 
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Fig. 10 — ^Progressive Lines. Light line, women; dark line, men. 

is higher than the mode for men, and there are more men who 
give only a very small number of increases. 

Other methods of scoring may be used in this experiment. 
For example, the ratio may be calculated between the last of 
the increasing lines and the longest estimate made for one of the 
equal lines which follow. The figures of the following table 
show the results of a computation of the ratio between the aver- 
age length of the fifth line (the last of the increasing lines) and 
the average length of the longest line given as an estimate of one 
of the following 15 lines (all of which were really equal to the 
fifth) . 


Experi- 

menter 

Women 

Men 

A 

1.15 

1.18 

0 

1.30 

1.23 

G 

1.22 

1.14 

He 

1.21 

1.14 

I 

1.16 

1.18 

S 

1.19 

1.17 

All 

1.20 

1.16 



1916] 


Brown: Differences in Suggestibility 


347 


According to these figures, in which the general average is 
substantially supported by the findings of the separate experi- 
menters, the women are more suggestible in the sense that they 
are more likely to draw some one line of the fifteen equal lines 
considerably longer than the standard. It is interesting to note 
that the average estimate of the 60 mm. standard was much too 
low. It was 44.3 mm. for the women and 45.4 for the men. The 
actual length of the sporadic longest line is, in the average, 
practically the same for men and women (women 53.0 mm., men 
52.9). It is evident, then, that the women are not induced by 
the suggestion to draw a line which is absolutely longer than 
that of the men, but only one which is longer by comparison with 
the very inaccurate estimate of the fifth line. 

The coeffieients of correlation between the ranking in this test 
(on the basis of the number of estimates which show an increase) 
and the ranking in other tests is shown in the following table. 

Correlations Between Suggestibility in the Experiment With Pro- 
gressive Lines and Suggestibility in Eight Other Tests 


Women 


Experi- 

menter 

Number 
cases Touch 

Odors 

Heat 

Pitch 

Bright- 

ness 

Size 

Motion 

Weights 

A 

19 

—.06 





.49 

—.13 

.44 

C 

9 

— 





— 

— 

.41 

G 

19 

.44 





—.21 

—.29 

.05 

He 

9 

—.06 





—.01 

—.19 

—.08 

I 

12 

.42 





.68 

—.05 

—.07 

S 

11 

.47 





—.40 

—.60 

—.05 

All 

51 

.14 

.28 

.15 

—.06 

.05 

.06 

—.20 

.17 






Men 





Experi- 

menter 

Number 
cases Touch 

Odors 

Heat 

Pitch 

Bright- 

ness 

Size 

Motion 

Weights 

A 

10 

.06 





.04 

—.23 

.01 

C 

5 

— 





— 

— 

.90 

G 

6 

.03 





—.03 

—.03 

—.46 

He 

19 

.60 





.47 

.63 

.05 

I 

7 

.08 





.84 

.58 

—.44 

S 

11 

.18 


— 



.53 

.53 

.13 

All 

29 

.17 

.24 

.04 

.08 

—.08 

.17 

,23 

.16 
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The best correlation is with Odors, a wholly inin*latt‘tl The 

correlation witli Wrifflifs is fairly hijxlu but not as hisu^h as mijrht 
be anticipated in vi(‘W of tlu‘ elose ndationship in method be- 
tween the two t(‘sts. This tt\st does md v a p(»sitivt‘ eorndation 
with Bri(jhtnrss or Pitch in spitt* of the fatd that Wtitfhts, its 
theoretical relative, has a hi^h eorrelati<m with th<»se tt‘sts. On 
the whole, the siippos(‘d relationship <if Lints and Wtitfhis is 
not well supported by the correlations. 

The chief conelusious froiti this test an*: 

1. ’Women app(*ai' to be somewhat more sug^t'^tlibh* than men. 

2. The corndations with otlu‘r tests are for the most part 
positive. 

3. The eorn‘lations are hi^ht‘r for mt‘n tlian tor women. 


3. Conclusions RM<}Ain>iN<j to k Two H.\mauMi:\Ts Inv<»lvino v 

SkIUMS OK PuoOUMSSIVK Cu VNOMS 

These experim(‘nts are sueeessful in .so Far as tli(*y atTord what 
has the app(‘aranee of beinjj; a measure <»f the su^rk^tsstibility tif 
nearly ev(*ry i>(‘rson t<'stt‘d. Only two indivbluals amon^ MO 
escaped wholly from the .sujj:jLct*sti<m of Prtnfn ssirt Wt irfhts, ami 
only one amon^^ 137 from I*nt(frt ssirt lotus. 

In spit(* of the elose t*xternal resemblan<‘e of the tw<» tests, the 
coefficients of corndation do not indi<*nte that tlit*y are parti<m- 
larly apt to affeet tin* .same persons in n similar nmnnt*r. Kneh 
of them is correlatisl more stronj'ly with other tests than with 
its mate, and the two of th(*m <lo not sh<»w hi^h (*(»rn‘!ations with 
the same ti^sts. 

On the whole, tbt* two tests show positive eorrelations with 
other tests, but this is not so true for w<»men as for men. 

Both tests make wonn‘n appear more sujrj^fi'stible than men. 

Owing to the fact that a lnrgt*r number of men prove com- 
paratively resistant to the suggestion, the groups of women, as 
represented in the distributions, are more <*ompHet than the 
groups of men. Tin* women present a more distinct single mode. 
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V 

FIVE EXPERIMENTS INVOLVING MEMORY, 
RECOGNITION, AND IMAGINATION 

1. Recognition of Poem (Checkerboard) ,* 2. Recognition of 
Position (Letters) ; 3. Recognition op Size; 4. Memory 
FOR Pictures ; 5. Ink-Blot Test for Imagination 

These tests have little or no theoretical relationship. They 
are grouped here for convenience in presentation. The measure- 
ments obtained in most of them are of such a nature that it is 
not possible to calculate correlations between them, or with other 
tests. 


1. Recognition of Form (Checkerboard)^^ 

The directions for this experiment were as follows : 

MEMORY FOR SPACE RELATIONS 

It is the purpose of this experiment to test the accuracy of your memory 
for simple space relations. 

A design will be shown you in which there are six small circles. You 
are to observe the absolute and relative locations of these circles so that 
when you take another card of the same size you can mark in the exact 
locations of the circles. 

Try to put the circles in exactly the same positions on the second card 
that they had on the first card. 

The first card was marked with a checkerboard of five lines 
34 mm. apart and with circles 6 mm. in diameter drawn on the 
intersection of certain of the lines, as in figure 11. This was 
exposed for fifteen seconds ; and after it had been withdrawn, a 
second card of the same size was shown. The second card was 
marked with a checkerboard of seven lines, as in figure 12. If 
the circles were marked on any of the intersections of lines in 

14 This experiment was developed on the basis of W. McDougalPs 
''Spot pattern test.^' See Burt, C., Brit, Journ. Psychol., vol. 3, 1909, 
p. 150. 
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thissocoiul noitht^r tlu* absuluf.* utir tho rrlnfivv inmtm 

of tlio (*irc*l<‘s wouUl b** tlu* suiu*' hh in th*'* tirnt lh< 

subject is held to Im‘ suj^^jrestihle in thU l•^^l»•rimrnt if he place: 
the circles on tlu‘ intersections o( lin*-s. Hi* is ledd to ht* sug 
gustible evtui though ht* nuiy he awnn* tlint the lii^uri* \vhi*n com 
pletcd is not exactly the same ns the standanl. 
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Tlu‘ following table shows, for each e\|MTiMM'ntio\ the umahci 
of persons tested ninl the number who stiet»cedi'tl in rf'sistinia: tlit 
su^^^(‘stioti. Less than 22 per rent ttf the utmirn resisted, whih 
over 27 ptu* cent <»(* the men resisted, 'riie validity of tlie total 
%ur(\s is att<‘stecl by tlie find that only one of the siv expcri* 
inent(‘rs found men more suici'estihle. The eonehision secni> 
assun*d that women are more open to this snm^estiou lltnn uu*n. 
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Tlu^ m<‘asur(‘nu‘nts do not pormit of calculating a correlation 
bet\vt‘t‘U this t(‘st and otlu^rs. Tlio relationship of suggestibility 
in tins to suggt‘stihility in the next test (Recognition of Position) 
will hi‘ <liseusst‘d in th(‘ m‘xt section. 

2. llKtH)(;NITlON OF POSITION (LkTTEUS) 

Tlu‘ title ot* this t‘Xpt‘rinieut is a misnomer, for no recognition 
is n‘ally inv(»lv(*(l. It is rathm* a case of false recognition. The 
actual situation may h(‘ ht‘tter understood by reading the direc- 
tions wliich were lianded to the subjt‘ct. 

MMMOkV FOR POHITION 

It is thi' purpoM' <»f this t’xpt'rinient. t(i tost the nocviraoy of your uiomory 
for posit t<in. 

A <‘arU will l»t' sIkiwu y<»u <m whioh there are twelve letters. Observe 
it <*his(*iy, noting the p(Ksitions of the letters. After you have had a short 
look at this ear«i another will he shown to you, nml you will he asked to 
tell fnuii meuiory whi<‘h of the letters are iu the same position as on the 
first card, 

Tlif Icltffs wfi’c plain Itomnii <mi>itals41 inin. hiffh, arranged 
in tlircf rows <tt‘ rnnr letters <‘aeli on a eard 18 by 20 cm. The 
iirst earit eontained tiie letters shown in tlm left-hand combina- 
tion below. 'I'lie .siM'ottd eard eontained the letho's in the right- 
liami eoudiination. 

V b' h I) I) W U Q 

.1 X <J K 1‘ h B II 

x \' ' 1 ' u 'r K M y. 

The tlnst eard was expose<l for fifteen si'e.ondH, and immedi- 

ately replae<'ti by the seeoial. Although <iv(‘ letters appear on 
llie seeond <'anl wliieh appeared on the first eard, tliere is no 
l('tti‘r whi<‘h apiiears in the same position on both cards. Sug- 
ge.slihilily is nieasureil by the number of h't.ters falsely recog- 
nized as being in the same position on the H<‘e,on(l card. 

'I’lie following table gives the number of suhjiets tested by 
I'aeli <'speriuii‘uler and the proportion of th(‘ suhjtiets who faihfd 
to respoiul to the suggestion, t<igether with the avtu’ugt' number 
of letters wliieli the suggestlhli* sidijects thought Uk^v recognized. 
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But little confidence can be placed in the average because of the 
great differences between the findings of different experimenters. 
The separate experimenters do not report a consistent sex dif- 
ference in suggestibility. Yet an inspection of the distribution 
of the persons according to the number of letters they thought 
they recognized tends to increase one’s confidence in the sex 
difference indicated by the average figures. 

Frequency of Ijifb’erent Degrees op Suggestibility 

The figures show the percentile proportion of the subjects who thought 
they recognized 0, 1, 2, .'i, etc., letters as being in the same i)OsitLon on the 
second as on the first card. 


Number Number 


letters 

Women 

Men 

letters 

Women 

Men 

0 

39.7 

40.7 

4 

9.0 

6.8 

1 

21.8 

20.3 

5 

3.8 

1.7 

2 

12.8 

15.3 

6 

1.3 

0.0 

3 

11.5 

15.3 

Over 6 

0.0 

0.0 


Individuals who r(^})ort a comparatively large number of 
letters (four or more) ari^ more common among the women than 
among the nuui. On the whole, it seems probable that women 
are more siigg(\stil)le than num in this test. 

The nu^asiu-iuuents are not sufficiently delicate to warrant the 
calculation of corrcvlations with other tests, but a direct comi)ar- 
ison of the ‘‘failun^s” (i.e., cases of immunity from suggestion) 
in this (‘X[)m*imeiit with the failures in the preceding one 
{Recognition of Form) givers the following figures: 

Women Mon 


Number who failed in Cfwckcrhoard 17 21 

Number who failed in Letters 30 24 

Number who failed in both tests 5 10 

For cent of those who failed in Checkerboard who also 

failed in Letters 29% 48% 

Per cent of all persons who failed in Lejders 40 41 

Per cent of those who failed in Letters who also failed 

in Checkerboard 17 42 

I^cr cent of all persons who failed in Checkerboard .... 22 37 
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These figures show that a woman who failed to respond to 
the suggestion in one of these tests is not so apt as the average 
woman to fail to respond in the other test. But a man who fails 
in one is a little more apt than the ordinary man to fail in the 
other. Thus we have a phenomenon of the same order as that 
which makes the correlations generally higher for men than for 
women. For the men it may be said that those who prove sug- 
gestible in one of these tests probably will prove suggestible in 
the other, but the same statement can not be made for the women. 


3. Recognition OP Size ( Squares) 

The directions were as follows : 

MEMORY FOR SIZE 

It is the purpose of this experiment to measure the accuracy of your 
memory for size. 

The experimenter will first show you a white square on a black card. 
You are to observe this closely, trying to remember how large it is. 

Then the experimenter will withdraw the card and will show you a 
board on which there are a large number of squares like the one on the 
card. You are to look them over and indicate the one which seems to be 
the same size as the one on the card. 

This experiment is repeated with each of three standard squares and 
with each of three sets of squares on the boards. 

The three standard squares were all of the same size (a 10 cm. 
square of white bristol mounted on a half sheet of black bristol) , 
but the subject saw that there were three of them; and as he 
had no opportunity of comparing them he might infer that they 
were different. The squares from which the choice was to be 
made were mounted on three black boards 8 inches wide. The 
boards were exposed standing on end against the wall, the largest 
square at the bottom. The first board shown contained squares 
ranging from 6 cm. to 14 cm. by steps of a half centimeter. This 
will be referred to as the ^'medium” board. The small” board 

15 The plan of this experiment is derived from Hollingworth ’s study of 
the '^indifference point (Hollingsworth, H. L., "The central tendencj 
of judgment,^’ Journ. FMlos., Psychol., etc., vol. 7, 1910, p. 461). The same 
idea is to be found in the recognition of length experiment of Binet 
(La suggestibilite, p. 62). 
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was shown next; it contained squares ranging from 3.5 cm. to 
11.5 cm. Finally, the “ large'’ board, containing squares ranging 
from 8:5 cm. to 16.5 cm., was shown. The relative sizes of the 
boards is sliown in figure 14. The lO-cm. standard square is 
marked right in eacli part of the figure. The standard 10-cm. 
scpiare on tlu‘ card was shown for fifteen seconds each time just 
before exposing each of the boards. 

It is not (iuit(‘ c(n‘taiu in this (‘xperiment how a person would 
I'espond if he W(‘rt‘ n^ally “suggestible” or how he would respond 
if lu^ w(‘i’(‘ not “suggestible”. It is open to question, indeed, 
whether tliis (vxjxniment regally involves suggestion at all. It 


Mi*(llum Sinull 

Fig. 14 — The poHitioii of the lO-c.m. Hquarc on caeU of the thrcu’i boardn 
iH nhown by the* word Hitfht. 
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differs from all of the others in that it rests upon an extremely 
theoretical assumption. The assumption which was made, 
whether justly or not, was that a suggestible person would tend 
to select a square toward the middle of the series on the board 
from which the selection was being made. Upon this assumption 
‘‘suggestibility” was measured, in the ease of the “small” and 
“large” boards, on the basis of the choice made on the “medium” 
board, with the further assumption that the “constant error” 
of memory would be approximately the same for the other boards 
as for the medium one. The square selected on the medium 
board is taken as the datum point for each person. With that 
to start from, we know what card ought to be chosen on each of 
the other boards (assuming that the subject ought to select a 
square of the same absolute size every time). The following 
figures show what proportion of the subjects actually chose the 
size which they “ought” to have chosen and what proportion 
chose a card nearer to the center of the set or farther from the 
center of the set. 

Per Cent op Persons Choosing the ^ ' Right Square, or One Too Near 
THE Center op the Set, or One Too Far From the 
Center op the Set 



“Right” 

Too near 
center 

Too far 
from 
center 

Women, set of small squares 

31% 

41% 

28% 

Men, set of small squares 

24 

40 

35 

Women, set of large squares 

21 

63 

15 

Men, set of large squares 

21 

63 

IG 


The figures show that it is a fact that the choice is more apt 
to fall too near the center of the set than too far from it. The 
tendency toward the center of the set appears in both the “large” 
and the “small” sets, although this involves choosing too large 
a square in one case and too small a one in the other case. It is 
noticeable, however, that the tendency toward the center of the 
set is much stronger in the set of large squares than in the set 
of small ones. 

Upon the assumption which has been made regarding the 
effect of the suggestion, it is not possible to make out a distinct 
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sex differeu(?e with regard to the number of individuals who 
respond to the suggestion. The proportion of individuals who 
choose a s(|uare too near the center of the set is almost exactly 
the same for men as for women. 




Fi^s. IT) :in<l 10 Hizo of HciiuiroH. Fij^. 15, Hiiuill s(iuar(*H; Og. 10, largt* 
I/iglit lino, vvonion; dark lino, mon. 

Th(‘ grai)hs for tlu' distrihution of th(‘. judgments (figs. 15 
5111(1 !()) show tlu‘ (diarH(d(*ristic (»x(*.ess of (dioic(*s too near tlu^ 
<*, enter, but do not indi('at(‘ n s(»x diffenmee of any cons(^(lU(‘n(*.(‘. 
In th(‘ following tabh* tin* “right’’ s(|uare is the one wliuh would 
luiv<‘ l)(»<‘n (*hos(*n if tin* snbj(»ct had made tln^ sam<^ alisolute. (‘rror 
in th(^ “smair’ or “Iarg(‘” s(‘t that h(‘. mad(^ in tlui “medium” S(d;. 
'Th(‘ tabhi Hum shows tli(‘ nundun- of chom(‘S, 1 stc^), 2 steps, S 
Hteps, (*te., in tdllun* dinadion from the “right” choic(‘. Ejudi 
step is to th(‘ next card in tin* s(*rh*s, that is, 5 mm. 
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Small^squares Large^ squares 



Steps from “right” 

Women 

Men 

Women 

Men 

4 too far from center 

... 0.8% 

0.0% 

0.8% 

0.0% 

3 

too far from center 

... 2.4 

3.2 

2.4 

1.6 

2 

too far from center 

... 4.1 

11.3 

3.3 

1.6 

1 

too far from center 

... 21.1 

21.0 

8.9 

12.9 

0 

= ‘'right’' 

... 30.9 

24.2 

21.1 

21.0 

1 

too near the center 

... 21.9 

21.0 

23.6 

22.6 

2 

too near the center 

... 13.8 

11.3 

20.3 

21.0 

3 

too near the center 

... 1.6 

8.1 

12.2 

12.9 

4 too near the center 

... 3.3 

0.0 

5.7 

4.8 

5 

too near the center 

... 0.0 

0.0 

0.0 

1.6 

6 too near the center 

... 0.0 

0.0 

1.6 

0.0 


Some interest attaches to the absolute amount of the errors 
in recognizing the squares, considered merely from the point of 
view of errors of memory. The following table shows the abso- 
lute amount of the error in millimeters for the subjects examined 
by each experimenter. The standard was a square 100 milli- 
meters wide. The figures show that the first square (the one 
estimated on the medium’^ board) was systematically under- 
estimated, and that the next (the one picked out on the ^‘smalP’ 
board) was also underestimated. The underestimation is greater 
for the small” than for the ^‘medium” on the part of the 
women, but the same for the men. These figures conform with 
statements above, which were derived from a consideration of 
the number of persons who underestimated, in the small” set, 
relative to the ‘ ‘ medium ’ ’ set. The square chosen in the ' ‘ large ’ ’ 
set indicates a considerable overestimation, which is comprehen- 
sible in terms of the tendency to make a selection toward the 
center of the set. 

A slight difference between the sexes appears here in the fact 
that the general averages give more underestimation in the 
small” set and more over estimation in the ‘‘large” set among 
the women than among the men. Yet it must be observed that 
the findings of only half the experimenters support this average. 

The individual measurements are not finely enough graded 
to warrant the computation of correlations. 
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Average Error m the Eecognition of a 100-Mm:. Square 


Experi- 

menter 

Number 

women 

Medium 

set 

Small 

set 

Large 

set 

A 

14 

— 2.14 

— 4.64 

2.50 

C 

12 

2.08 

— 4.17 

5.00 

a 

16 

— 0.31 

— 2.81 

6.87 

He 

11 

— 5.81 

— 5.47 

1.82 

Ho 

14 

— 0.71 

— 1.43 

2.14 

I 

13 

— 4.23 

— 5.38 

2.31 

J 

9 

—10.00 

1.11 

1.67 

M 

24 

— 2.29 

— 2.29 

3.96 

S 

10 

— 0.50 

— 4.50 

1.50 

All 

123 

— 2.36 

— 3.25 

3.33 

Experi- 

menter 

Number 

men 

Medium 

set 

Small 

set 

Large 

set 

A 

6 

— 2.50 

— 2.50 

— 0.83 

G 

7 

— 4.29 

— 0.71 

— 0.71 

G 

7 

0.00 

0.71 

9.29 

He 

9 

— 3.33 

— 3.33 

2.22 

Ho 

1 

— 5.00 

—10.00 

10.00 

I 

5 

— 4.00 

0.00 

1.00 

J 

6 

— 1.67 

— 0.83 

5.00 

M 

8 

— 3.75 

— 3.12 

2.50 

S 

is 

— 2.31 

— 6.52 

2.31 

All 

62 

— 2.74 

— 2.74 

2.74 


4. Memory for Pictures^® 

The directions for this experiment were as follows : 

It is the purpose of this experiment to test the aecuraej of your memory 
for pictures. 

Two pictures will be shown to you, one after the other, for a short 
time. Observe them closely. After you have looked at them questions 
will be given to you to answer about them. 

The two pictures are the ones called Washington and Sally” 
and the ^ ^ Disputed Case. ’ ' Each was exposed for fifteen seconds. 
The experiment was so planned that either picture had the first 
exposure as often as the other. During the first season ^s work 
( 1912 - 13 ) the questions on one picture were delayed for about 
twenty-five minutes while other experiments were being per- 

16 The pictures used in this experiment are those referred to by 
Whipple, Manual of Mental and Physical Tests f p. 301, edition of 1910. 
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formed; and meanwhile the subject was given to understand 
that no further questions were to he asked about the pictures 
Later, all the questions were asked immediately after the ex- 
posure of the second picture. 

This experiment proved unsatisfactory, largely because toe 
much was attempted in it. Pour questions were asked about each 
picture. Two of them were perfectly open categorical ques- 
tions ; the other two were misleading questions involving a false 
dilemma. 

Questions on '^Washington and Sally 

1. How many persons are dancing? Correct answer: Two. 

2. Which foot has the gentleman who is dancing advanced, his right 
or his left foot? Correct answer: His left foot. 

3. Is his waistcoat pink or purple? Correct answer: Neither; it is huff. 

4. Is the sword belonging to the scabbard he wears lying on a chair 
or standing against the wall? Correct answer: Neither; it is in the 
scabbard. 

Questions on "The Disputed Case’^ 

1. Of the two persons represented in the picture, tell whether both are 
sitting, or is one standing? Correct answer: Both sitting. 

2. What is the man looking at who faces you? Correct answer: The 
papers in front of him. 

3. What is the other man holding in his hand, an umbrella or a pen? 
Correct answer: Neither; the hand is empty. 

4. Are the books visible in the bookcase bound in yellow or in black? 
Correct answer: Neither; there are no books visible. 

The detailed results do not seem to be worth reproducing. 
The following figures show the final results obtained by consoli- 
dating the answers to all four categorical questions together and 
for all four suggestive questions together, without regard to tbe 
secondary conditions under which the various answers were 
obtained. 


Number 

Per cent 
correct 

Per cent Per cent 
refusals to incorrect 


subjects 

answers 

answer 

answers 


74 women 

15 

46 

39 

With suggestion 

74 women 

72 

6 

23 

Without suggestion 

59 men 

18 

43 

39 

With suggestion 

59 men 

67 

9 

24 

Without suggestion 
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From figures it does not appear that there is 

any (liiT(‘r(‘iUH* la^twtnui the sexes in respect to the inaccuracy of 
the iuiswtu-s to the categorical (luestions or in respect to the 
inaccuracy of tlu^ ans\vt‘rs under the false dilemma; in the one 
cas(‘ 23 or 24 pm* (*(mt nre (n*roneous, and in the other case 39 
per (u*ut an* t‘rrom‘Ous for both sex(*s. The only significant sex 
(li{Tt*n‘iict‘ which appt'ars is in tlu* relative number of correct 
answtn’s and tin* n‘lativ(‘ number of eases of refusal to answer. 
Witliout suggestion tht* wonum give relatively more correct an- 
swers than tli(‘ men and l(‘ss fnsiuently refuse to give any answer. 
Uinh'r suggt‘stion this relation ladvveen the sexes is reversed, the 
wotneii an* then mon* apt than tlu* men to take refuge in a re- 
fusal an<l less apt tluin th(*y to give a true statement. So that 
if wt* ai’<* t(» say that wonu*n an* more suggestible it is only in 
the matter of tin* n‘lativt* deen‘ase in the number of correct 
answt*rs, not in tin* nundH*r of errors. 

i). iNKdbiOT Thst of Imacunation'^ 

Tin* blots usi*d W(*re from the standard set d(\sign(Kl by 
Whipph*, During tin* first s(‘ason blot No. 7 was used. The 
following season No. 12 was substituted because no copy of No. 7 
<*oul<l be found in tin* laboratory at the time of beginning work, 
and Ix’caust* it was thought that the us(‘ of another blot might 
bring out sonn* int<‘n‘sting information. 

Since completing the suggestion experinu*nts, it has b(*eu 
possibh* to standnnlizi* the two blots by asc(‘rtaining the number 
of id<‘as whi<*h <*ach of tln*m suggests. This was done by issuing 
(*opi(‘s of tin* blots to tin* nn*mb(*rs of a large*, college class. Half 
of tin* nn*mbi*rs of tin* class rec.eivt‘tl orn* blot and half the other. 
They were allowe<l two minut(‘s in which to look at tin*, blot and 
writt* <l<nvn all tin* i(b‘as which it HUggt‘st(‘d to thmn. The results 
are shown Ih*1ow. Tin* figuri‘s show the av(‘rage number of ideas 

A brief review of ink i>lot experimeutH, beginning with their origi- 
nation liv Uiiit*t an<I n<*iirb Auntr VHychoUunwm't 2, 1895, p. 444, may bo 
foiinU in* Whipple, Mtunml of A(rnlal and Phymcal T<uhIh, ]>. 420, edition of 
1910. 
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Tig. 17 — Blot No. 7. Fig. 18 — Blot No 12. 

per person, the number of these which are the names of animals, 
and the percentage of ^‘animals’’ among the ideas. 


Subjects 

Blot 

79 

women 

No. 7 

58 

men 

No. 7 

83 

women 

No. 12 

57 

men 

No. 12 

162 

women 

Both 

115 

men 

Both 

137 

130 

persons 

persons 

No. 7 
No. 12 


Average Average Percent- 


number 

ideas 

number 

animals 

age of 
animals 

4.94 

1.73 

35.1% 

4.53 

1.60 

35.4 

4.43 

1.18 

26.6 

4.49 

1.09 

24.2 

4.68 

1.45 

31.0 

4.51 

1.26 

27.9 

4.77 

1.68 

35.2 

4.46 

1.14 

25.6 


From these figures it appears that blot No. 7 is more sug- 
gestive, and that it is more apt to suggest animals than No. 12. 
More ideas are suggested to women than to men, but not by 
No. 12, and a larger proportion of animals are suggested to 
women, but not by No. 7. 
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In the suggestion experiment itself it was desired to find out 
not only whether the blots suggested more ideas to men than to 
women, but also whether a covert reference in the directions to 
‘'animals^’ would influence the members of one sex more than 
the other. The directions employed for this purpose were as 
follows : 

Individuals differ greatly in the fertility of' their imagination. It is 
the aim of this experiment to find out how many things will be suggested 
to your mind by a senseless ink-blot. This particular blot may make you 
think of some kind of animal, or of any number of other things. See 
how many things you can write down in two minutes that the blot might 
be a picture of. 

The data are given in the following table, which is arranged 
to show the results obtained by the separate experimenters with 
the different blots. 


Ideas Suggested to Women 


Experi- 

menter 

Number 

subjects 

Blot 

Ideas 

per 

subject 

Animals 

per 

subject 

Percent- 
age of 
animals 

A 

19 

No. 12 

4.1 

1.1 

27% 

C 

9 

No. 12 

5.9 

1.0 

17 

Or 

18 

No. 7 

6.2 

2.9 

46 

He 

10 

No. 7 

5.4 

2.7 

50 

I 

12 

No. 12 

5.5 

4.2 

8 

S 

11 

No, 12 

6.7 

1.9 

27 


Ideas Suggested to Men 


Ideas Animals Percent- 


Experi- 

menter 

Number 

subjects 

Blot 

per 

subject 

per 

subject 

age of 
animals 

A 

10 

No. 12 

3.3 

0.8 

24% 

C 

6 

No. 12 

3,5 

1.0 

29 

G 

6 

No. 7 

3.3 

1.5 

45 

He 

19 

No. 7 

5.0 

1.6 

33 

I 

6 

No. 12 

. 6.2 

2.2 

35 

S 

11 

No. 12 

5.0 

1.4 

27 


The following table gives the data in such a form that they 
may he compared with the standard figures previously given. 
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Average Average Percent- 


Subjects 

Blot 

number 

ideas 

number 

animals 

age of 
animals 

28 women 

No. 7 

5.9 

2.8 

48% 

25 men 

No. 7 

4.6 

1.6 

35 

51 women 

No. 12 

5.3 

1.1 

21 

33 men 

No. 12 

4.4 

1.3 

29 

79 women 

Both 

5.53 

1.71 

30.9 

58 men 

Both 

4.50 

1.41 

31.4 

53 persons 

No. 7 

5.3 

2.2 

42 

84 persons 

No. 12 

5.0 

1.2 

24 


These figures agree with those obtained without suggestion 
in the following respects: Blot No. 7 is more suggestive than 
No. 12, and it is more apt to suggest animals. More ideas are 
suggested to women than to men, and in the present case there 
is no exception for No. 12, though the difference between the 
sexes is not so great for No. 12 as for No. 7. 

With respect to the number of ‘‘animals’’ suggested there is 
no clear result which can be attributed to the reference to ani- 
mals in the directions. The proportion of “animals” in blot 
No. 7 increases considerably for women, but not for men, undei 
the influence of the reference to animals in the directions. Biol 
No. 12 shows a decrease for women and an increase for men 
On the whole, there seems very little ground for believing that 
the reference to animals in the directions had any effect at all 
When all the various figures are combined we find that 31.] 
per cent of the ideas were “animals” under the suggestive direc- 
tions, and that 29.8 per cent were “animals” even without th( 
suggestion. Within these narrow limits no sex difference ear 
be -found. 

But with regard to the total number of ideas suggested bj 
the ink-blot there is a very distinct sex difference. Five of th( 
six experimenters in the suggestion experiment found that th( 
blot suggested more ideas to women than to men, and the averag< 
figures indicate that in two minutes a woman can think of a' 
least one more idea which is suggested by the blot than a mai 
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Frequency of Lists of Different Lengths 

The figures show the percentile proportion of the subjects who wrote 
lists containing 1, 2, 3, or any other number of ideas. There were 241 
women and 173 men. 


Length Women Men 



I 2 3 4 5 6 7, 8 9. 10 11, 12 13- 

Pig. 19 — ^Ink-blot. Light line, women; dark line, men. 
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can. The subsequent figures from the class experiment con- 
firm the nature of this sex diiference, but make it appear much 
smaller. An analysis of the data according to the number of 
persons who got a certain number of ideas is presented for both 
of the experiments together in the accompanying table and 
graph. 

The difference between the sexes seems to be due in part to 
the fact that more men give very short lists (one or two words), 
and that more women give very long lists, but the chief difference 
is that the men have a distinct mode at a list of four words, while 
the mode for women is pushed over to a list of five words. There 
is a difference between the ordinary or typical individuals of 
the two sexes which is independent of the work of eccentric 
individuals. 

Correlations have been calculated between the rankings in 
this test and in five other tests. The data are presented in the 
following table for each of five experimenters separately. The 
fact that blot No. 7 was used by two experimenters and blot 
No. 12 by the other three experimenters precludes the compu- 
tation of correlations for the whole group of persons. Of the 

Correlations Between Suggestibility in the Test With Ink-Blots and 
Suggestibility in Five Other Experiments 

Women 


Experi- 

menter 

Blot 

Number 

subjects 

Touch 

Size 

Motion Lines 

Weights 

A 

No'. 12 

19 

.24: 

.00 

.19 —.38 

.25 

G 

No. 7 

19 

.16 

.27 

—.13 

.20 

.35 

He 

No. 7 

10 

.81 

.05 

.47 —.03 

.10 

I 

No. 12 

12 

.22 

.22 

—.04 

.09 

.31 

S 

No. 12 

11 

.46 

—.04 

—.19 

.52 

.31 


Men 


Experi- 

menter 

Blot 

Number 

subjects 

Touch 

Size 

Motion Lines 

Weights 

A 

No. 12 

10 

.08 

.53 

.44 .23 

.41 

G 

No. 7 

6 

.60 

.71 

.26 .31 

—.15 

He 

No. 7 

19 - 

-.08 

—.09 

—.19 —.20 

—.02 

I 

No. 12 

7 

.62 

.23 

—.02 —.05 

—.09 

S 

No. 12 

11 

.25 

—.16 

.25 .30 

—.11 
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twenty-five e.oefiieients which have been calculated, eighteen are 
positive for the wonu^ii and fourteen for the men. The corre- 
lation with Touch is thc^ only one which is fairly consistently 
positive^ for both nuvu and women. So far as the data go, there 
is evidenc(‘ of a general tendency toward a positive correlation 
between suggc‘stihility in this test and suggestibility in other 
tests. 

By way of sunnning up it may be said that: 

1. Women art^ more s\iggt^stible than men so far as they are 
tested by tlu^ total numben* of ideas suggested by the ink-blot. 

2. Th(‘r(* ar(‘ positiv(‘ correlations with other tests. 

3. ( ■ontrai’y to th(‘ g(Ui(a*al rule, the correlations are closer for 
the women than for tin* men. 


(). Summary for tuw Fivk Tksts Involving Memory, 
Recognition, or Imagination 

So far as si‘x difTi‘nme.es are tliscernible in these tests, the 
indications an* that worm*!! an* more suggestiblt* than nuni. The 
diff(U’(Uie(» b(‘tw(*en the sexi^s is clear in Recognition of Form 
(ch(*ck(‘rboard) and Position (l(d.t(‘rs) and in the Ink-hlot test, 
l(^ss cl(‘ar in Hccognition of Size, not cl(‘ar in Memory for Pictures. 

All of th(^ (*x[)erim(*nts of this group fall V(*ry far short of 
tin* id(‘al. In thn»(* of th(‘m a comparativ(*ly large proportion of 
th(^ subj(‘cts n‘maiM (‘utirely unaffi^ctiMl by thc^ suggestion: Form, 
22 to 37 pen- c(*nt ; Position, 40 p(*r emit ; Size, 21 to 31 per C(*nt. 
No gra<I(‘d index of suggestibility is afforded by any of them 
save the Ink-blot, and consecpiently it is not possibhi to make 
accurate m(*asun*m(‘nts of individual diffm*enc(*s. This fact pre- 
vtmts tin* calculation of cm^fficients of corndatiori for these tests. 
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YI 

GENERAL INTRODUCTION TO THE REMAINING 
EXPERIMENTS 

All of the experiments which remain to be described follow 
a radically different method from that of those which have been 
described so far. Moreover, very few persons took part in these 
later experiments who had been subjects in the earlier ones. 
For these reasons it is not possible to make comparisons of indi- 
vidual records between what follows and what has gone before. 

All but one of the tests now to be described were performed 
at a single sitting. This sitting was preceded, however, by an- 
other sitting at which records were made without any suggestions. 
The preliminary records obtained at the first sitting were used 
as standards by which to measure the effect of the suggestions 
which were given at the second sitting. The interval between 
the two sittings was usually three weeks. Proper enquiries were 
made to avoid the risk of including the records of any persons 
who might be in the possession of improper information at either 
test. 

All of these tests involved some variation of a single sug- 
gestion which was repeated in the various tests in a form deter- 
mined by the special conditions of that particular test. This 
suggestion had the general form of an assertion that ‘^most 
persons do so and so”; for example, ‘‘most persons overestimate 
the weight of the jug.” It so happens, of course, that such a 
statement is generally either true or false, and in order to com- 
pensate, as far as possible, for this diflSculty, two opposite forms 
of the suggestion were employed in each experiment. The second 
form (which will be referred to as B) was the contrary of the 
first form (A); thus if the first said “most persons overesti- 
mate/^ the second form said “most persons lender estimate.^ ^ 
When one subject had been given the suggestion in form A, the 
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next subject of tbe same sex was given the suggestion in form B, 
so that in the end about half of the men and half of the women 
had received the suggestion in one form and the other half of 
each sex had received the suggestion in the other form. 

The suggestions were given, as before, in a sheet of type- 
written directions, but with a material difference. The subject 
had first been through the test without suggestion and when he 
came for the second sitting the suggestion was added to the 
directions which he had had when he first performed the experi- 
ment without suggestion. As an introduction to the suggestive 
statements there was also a preliminary statement which read 
as follows : 

GENERAL SUPPLEMENTARY DIRECTIONS 

To what extent can one judgment be helped by knowing the results 
obtained by a number of other people? These experiments are exactly 
the same as those you took part in before, but in every case the directions 
give you some information about the judgments which other people have 
made. These statements are written in red. You are asked to pay especial 
attention to these statements in each case. It is the purpose of this part 
of the experiment to discover how much such statements will help you. 

Each set of specific directions for a test was presented on a 
separate sheet of the little booklet of directions, and immedi- 
ately after the directions which had been given at the first sitting 
appeared the word ^‘Note’’ and the statement of the suggestion, 
printed in red ink. What was there printed in red will appear 
in italics in the following pages. 

The experimenter was expected to see that the subject read 
the preliminary statement before he began work, and that he 
read each suggestive statement before he began upon the test in 
question. But, unfortunately, it can not be assumed that all 
of the subjects gave the same amount of attention to the pre- 
liminary statement, or that they gave it the same interpretation ; 
and there is little ground for supposing that with different ex- 
perimenters the suggestive notes exerted a uniform influence over 
different subjects. This mode of presenting the suggestion is 
not as satisfactory as the method adopted in the earlier experi- 
ments, in which the suggestion was inseparably incorporated in 
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the body of the directions and in the manipulation of the experi- 
ment itself. Yet this more open form of suggestion, as employed 
in the experiments which are about to be described, is not with- 
out its advantages. 

We shall be particularly interested in discovering whether the 
individual and sex differences which have emerged rather clearly 
from the experiments in which the suggestion was surreptitious 
will still make themselves felt when the suggestion is presented 
as a separate statement and in such a form that the. subject can 
not fail to be aware of it as distinct element added to an experi- 
ment which was already complete in itself. 

Because of the division of the subjects for the two sets of 
directions there are not enough subjects in any one group who 
were examined by the same experimenter to warrant the pre- 
sentation of data for the separate experimenters. There were 
twenty women and twenty-four men who received the suggestions 
in the ‘‘A’’ form and twenty-one women and nineteen men who 
received them in the '‘B’’ form. The subjects were about evenly 
distributed among five experimenters. 

The correlations for suggestibility in the different tests of 
this division have been calculated for men and women separately 
and for the A and B forms of the suggestion separately, so that 
there are four groups for which the correlations have been calcu- 
lated for each pair of tests. But in discussing the results it will 
frequently prove convenient to overlook the division into A and 
B, and in that event the expression ‘‘correlation for men’’ or 
“correlation for women” will be used to designate the average 
of the two coefficients, that for the A group and that for the B 
group. 
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YII 

TWO EXPERIMENTS DEALING WITH THE EFFECT OF 
SUGGESTION UPON NORMAL ILLUSIONS 

1. The Size-Weight Illusion ; 2. The Muller-Lyer Illusion 

These two experiments are practically identical in point of 
method. At the first sitting the subject was allowed to make an 
adjustment, to suit himself, in the light of whatever he might 
know about the illusions. At the second sitting he made a fresh 
adjustment in the face of a positive statement appended to the 
directions. The difference between these two adjustments is 
taken as the measure of suggestibility. 

1. The Size-Weight Illusion 

The following directions, containing no suggestion, were 
handed to the subjects at the first sitting : 

ESTIMATION OP WEIGHTS 

You will be shown a set of black weights which have been arranged 
in order from lightest to heaviest. Lift all of the weights to see how 
heavy they are, then place the large weight between the two which seem 
to you the nearest equal to it in actual weight, without regard to size. 
Do the same with the small weight. 

The set of cylindrical black wooden weights, 35 mm. in diam- 
eter, and ranging from 5 gm. to 100 gm. in weight, were arranged 
in order in a row about 15 cm. apart on a table. The large 
weight (82 mm. in diameter) and the small weight (22 mm. in 
diameter) were placed at their respective ends of the set and the 
subjects did not compare them directly with each other. 

The one set of suggestive statements (A) read: Note. — Most 
people judge the large weight tote much lighter than it really is, 
hut judge the small weight qtcite accurately. 

The other statement (B) said: Note. — Most people judge the 
small weight to he much heavier than it really is, hut judge the 
large weight quite accurately. 
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The effectiveness of the suggestion is measured on the basis 
of the subject’s performance at the first sitting, when no sug- 
gestion was given. The effect of the suggestion is regarded as 
positive in so far as the subject tends to correct what is repre- 
sented to him as the common mistake. The amount of the in- 
fluence of the suggestion has been measured by the decrease in 
the amount of the illusion in that part of the illusion to which 
the suggestive statement applies. In the A directions the sug- 
gestion applies only to the estimation of the large weight, and 
in the B directions only to the estimation of the small weight. 
In both cases, however, the positive effect of the suggestion is 
to reduce the amount of the illusion, and the amount of this 
reduction has been taken as the index of suggestibility. 

It might reasonably be thought, however, that a second test 
would show a smaller error even without the suggestion. In this 
connection it may be observed that the suggestion does not apply 
directly to the estimation of the small weight in the A group 
nor to the estimation of the large weight in the B group. In 
those cases the second estimate is only slightly more accurate 
(less illusion) than the first estimate. But when the suggestion 
does apply (to the large weight for the A group and the small 
weight for the B group) the second estimate is m,uch better than 
the first. The figures given below are the amount of the average 
error, that is, the average amount of the illusion, in grams, for 
the large weight and for the small weight, in the first test (always 
without suggestion), and in the second test (partly with and 
partly without suggestion, depending on the wording of the 
statement) . 


A Group 

B Group 

Large 

weight 

Smali 

weight 

Large Small 

weight weight 


First test, no suggestion 

20.8 

16.6 

22.0 

16.5 

Second test, no suggestion 

Second test, with suggestion ... 

15.0 

15.3 

20.7 

8.0 


There can be no doubt that the suggestion operates normally 
to reduce very greatly the amount of the usual illusion. This 
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can be made clearer by considering the results without regard 
to whether the error occurred on the small or large weight. 
Then the average error of the first trial is 19 grams, the average 
error of the second trial without suggestion is 18 grams, and the 
average error of the second trial with suggestion is only 11.5 
grams. 

The fundamental facts regarding sex differences in this ex- 
periment are contained in the following table. The figures show 
the average amount of the illusion, in grams, under the various 
conditions mentioned. 


A Group B Group 

First Second First Second 


Subjects 

Weight 

test 

test 

test 

test 


20 women 

Large 

23.8 

16.3 (with sug.) 

24.9 

22.7 

(no sug.) 

24 men 

Large 

18.4 

14.0 (with sug.) 

18.8 

18.6 

(no sug.) 

21 women 

Small 

18.8 

17.0 (no sug.) 

17.5 

bo 

(with sug.) 

19 men 

Small 

14.8 

14.0 (no sug.) 

15.4 

5.9 

(with sug.) 


A simple analysis of these figures shows that the average 
amount of the effect of the suggestion in reducing the size of the 
illusion, in grams, is as follows : 

A Group B Group A and B 

Women 7.5 5.7 6.6 

Men 4.4 9.5 6.6 

From this it appears that there is no sex difference for the 

entire experiment, taken as a whole. The women are more sug- 
gestible in the A portion and the men more suggestible in the 
B portion, but when the data for both portions are combined it 
appears that the average influence of the suggestion is exactly 
the same for both sexes. 

But, while the crude data for this experiment give no consist- 
ent sex difference in suggestibility, there are certain corrections 
which ought, probably, to be considered before arriving at a 
conclusion. In the first place, the women are more apt than men 
to reduce the amount of the illusion in the second trial in that 
part of the work in which the directions assert that '/most per- 
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sons judge quite accurately.’’ The extent of this tendency is 
revealed in the following figures. These figures show the aver- 
age amount by which the illusion is reduced in the second test 
when the suggestion does not apply to the weight considered. 

A Group B Group A and B 
Women 1.8 2.2 2.0 

Men 0.8 0.2 0'.5 

It is probably just that the amount of the reduction in the 
illusion which has been attributed to the suggestion should be 
diminished by the amount of reduction which would occur in 
the second trial even without the suggestion. If this is done, 
we get the following figures to show the net effect of the sug- 
gestion in reducing the illusion. 

Large Small 
weight weight Both 


Women, decrease second trial with suggestion 7.5 5.7 6.6 

Women, decrease second trial without suggestion .... 1.8 2.2 2.0 

Women, net decrease due to suggestion 5.7 3.5 4.6 

Men, decrease second trial with suggestion 4.4 9.5 6.6 

Men, decrease second trial without suggestion 0.8 0.2 0.5 

Men, net decrease due to suggestion ‘ 3.6 9.3 6.1 


This treatment of the data makes it appear that the men are 
more suggestible, and there is still another correction to be made 
which tends to strengthen this inference. Reference to the fun- 
damental table on page 373 shows that the illusion itself, with- 
out regard to suggestion, is much stronger for the women than 
for the men. When the figures are combined we obtain the fol- 
lowing averages for the first test, before any suggestion had been 
given, for the absolute amount of the illusion in grams : 

Large Small 

weight weight Average 

Women 24.4 18.4 21.4 

Men 18.6 15.1 17.0 

Now if, instead of regarding the effect of the suggestion in 
the light of an absolute amount of weight (so man3?' grams), we 
regard it as a proportion of the original amount of the illusion, 
we obtain the following figures. These figures show the effect 
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of the suggestion in reducing the amount of the illusion, ex- 
pressed in per cent of the original amount of the illusion. 

A Set B Set 
Large Small 
weight weight Both 

Women 23% 19% 22^^ 

Men 19 62 36 

Or if, instead of the net (corrected) amount of the reduction, 
we take the uncorrected, crude, amount of it : 

A Set B Set 
Large Small 
weight weight Both 

Women 31% 31% 31^^ 

Men 24 63 39 

The result of these corrections makes it appear that men are 
more suggestible than women under the B form of the suggestion, 
and when the two forms are considered together, but not under 
the A form. 

Frequency or DirruRENT Degrees of Suggestibility 

The figures show the percentile proportion of the subjects who were 
induced by the suggestion in the second trial to reduce the amount of the 
illusion by the number of grams indicated. The number of grams given 
as the amount of the reduction of the illusion is the difference between 
the estimate made at the first trial, when there was no suggestion, and 
the estimate made at the second trial, under the infiuence of the suggestion. 
A negative figure means that the amount of the illusion was increased 
instead of being decreased at the second trial in spite of the admonition 
of the suggestive statement. 

Full Table Condensed Table 


Amount 



Amount 



of reduction 

Women 

Meii 

of reduction 

Women 

Men 

— 20 g. and less .... 

4.9% 

0.0% 

— ^5 g. and less 

12% 

30% 

—15 g 

0.0 

2,3 

0 or negative .... 

29 

42 

—10 g. 

0.0 

11.6 

5 or 10 g 

49 

23 

— 5 g 

7.3 

16.3 

15 g. or over 

22 

34 

0 g 

17.1 

11.6 

20 g. or over 

12 

16 

5 g 

22.0 

11.6 




10 g 

26.8 

11.6 




15 g 

9.7 

18.6 




20 g 

2.4 

7.0 




25 g 

4.9 

2.3 




30 g 

2.4 

2.3 




35 g 

0.0 

2.3 




40 g 

2.4 

2.3 
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The correlations between the rankings in this test and the 
rankings in other tests bear indications of a sex difference which 
has been noted frequently before, namely, that the correlations 
are more apt to he distinctly positive for the men than for the 
women. There are twelve correlations to be considered for each 
sex, for there are two correlations with each of the other six tests 
with which this one is correlated because of the division of the 
data on the basis of the A and B directions. Of the twelve for 
the women, six are negative, but nine of the twelve for men are 
positive. 

There is no particular test with which this one is closely re- 
lated if we judge by the indices of correlation. The other illu- 
sion test (the Miiller-Lyer, to be described in the next section), 
which has many points of outward resemblance with this test, 

does not show a high or consistently positive correlation with it. 

% 

Correlations Between Suggestibility in the Experiment With the Size- 
Weight Illusion and Suggestibility in Six Other Tests 



Women 

Women 

Men 

Men 


A 

B 

A 

B 

Miiller-Lyer 

.05 

.21 

—.11 

.09 

Distance 

—.09 

—.28 

.33 

.29 

Weight 

.07 

—.29 

.38 

—.42 

Rectangle 

—.14 

—.26 

.22 

.53 

Triangle 

—.32 

.33 

.12 

.38 

Cross 

.02 

.05 

.28 

—.15 


The results of this experiment may be summarized as follows : 

1. Men are probably subject to the suggestion to a greater 
extent than women, although more men than women resist it. 

2. There is a positive correlation between this test and a 
majority of the other tests for men, but not for women. 

2. Muller-Lyer Illusion 

The directions which were handed to the subject at the first 
sitting were as follows : 

ESTIMATION OF LENGTH OF LINES 

You will be shown an example of the visual illusion called the Miiller- 
Lyer illusion. It is so arranged that one arrowhead is adjustable in each 
figure. You are asked to adjust figure A (< >) and figure B (>— < ) so 
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that the line between the arrowheads appears to be equal to the standard 
line, M, in both eases. 

The drawings were placed in a frame on a table so that the 
subject adjusted them while standing up. The drawings were 
arranged in the manner indicated in the figure below. The 
standard line between the two forms of the illusion was 20 cm. 
long. The right-hand angle of each illusion figure was drawn 
on a separate card which could be moved back and forth in a 
track by the subject until he got it to suit him. The lines them- 
selves did not move and the ends of them did not tally with one 
another. 



Fig. 21 

The supplementary statement containing the suggestion read 
as follow's for the A set: Note. — Most persons make the line in 

figure A (< >) much too long, but judge the line in figure B 

(> — <) quite accurately. 

The other set of directions (B) read: Note. — Most persons 
make the line in figure B (> — <) much too short, but judge the 
line in figure A {< >) quite accurately. 
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The influence of the suggestion was measured, just as in the 
last experiment {Size-Weight Ilhision), by taking the difference 
between the first adjustment, made without any suggestion, and 
the adjustment made at the second sitting, when there was a 
suggestion. It may be assumed, for the purpose of obtaining 
an index of suggestibility, that the second adjustment would be 
the same as the first, except for the effect of the suggestion which 
accompanies the second directions. In what sense this assump- 
tion is correct may be seen from the following figures. These 
figures show the actual amount of the illusion, for each of the 
two figures, in the first trial when there is no suggestion, and in 
the second trial, when there is suggestion or is none, according 
to the wording of the directions. The numbers indicate milli- 
meters. 


A Group B G-roup 


First test, no suggestion 

Arrow* 

head 

figure 

.... 27 

Feather* 

head 

figure 

9 

Arrow* 

head 

figure 

28 

Feather 

head 

figure 

11 

Second test, no suggestion 

.... — 

17 

31 

— 

Second test, with suggestion ... 

.... 19 

— 

— 

4 


The effect of the suggestion is to reduce the amount of the 
illusion. The above figures show that the illusion is not reduced, 
but is considerably increased, in the second trial unless the sug- 
gestion is present. A combination of these numbers shows that 
the illusion amounts to 19 mm. in the first trial and to 24 mm. 
in the second trial when no suggestion is made ; but when there 
is a suggestion it amounts to only 12 mm. 

The essential facts regarding sex differences in this experi- 
ment are to be found in the following table. The numbers show 


A G'roup B Group 



Illusion 

Virst 

Seconk 

^ First 

Second 

Subjects 

figure 

test 

test 

test 

test 

20 women 

Arrow 

36 

25 (with sug.) 

28 

34 (no sug.) 

24 men 

Arrow 

19 

13 (with sug.) 

29’ 

28 (no sug.) 

21 women 

Feather 

15 

20 (no sug.) 

12 

5 (with sug.) 

19 men 

Feather 

5 

14 (no sug.) 

10 

4 (with sug.) 
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the average amount of the illusion, that is, the difference be- 
tween the length of the standard line and the length of the 
illusion figure as adjusted by the subject. The amounts are 
given in millimeters. 

A simple analysis of these figures shows that the average 
amount of the effect of the suggestion in reducing the size of the 
illusion is as follows, in millimeters : 

A Group B Group A and B 
Women 11 7 9 

Men 6 6 6 

These figures indicate that the women are influenced by the 
suggestion to a greater extent than the men. But there are 
certain corrections which should probably be considered before 
a final inference is drawn. There is a difference, as has been 
noted, between the two trials when no suggestion is given, and 
it is probably legitimate to add the amount of this difference to 
the crude measure of the suggestion. The average amount of 
the increase of the illusion in the second trial in that part of 
the work in which the suggestive statement merely asserts that 
most persons ‘‘judge quite accurately” is as follows: 

A Group B Group A and B 
Women 6 5 5.5 

Men — 1 9 4 

When these amounts are added to the crude measure of the 
influence of the suggestion the following figures result : 

Arrow Feather Both 


Women, decrease second trial with suggestion 11 7 9 

Women, increase second trial without suggestion 6 5 5.5 

Women, net change due to suggestion 17 W 15 

Men, decrease second tiial with suggestion 6 6 6 

Men, increase second trial without suggestion — 1 9 4 

Men, net change due to suggestion S 15 10 


From this it appears that the women are more suggestible 
for the arrow figure (suggestion A), but not for the feather 
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figure, and tliat they are more suggestible if results are com- 
bined for the two figures. But we still have to consider the fact 
that the illusion itself, without other suggestion, is more effective 
with the women than with the men. This may be seen from 
the following figures, which show the amount of the illusion, in 
millimeters, for the first trial, before any suggestions had been 
offered. 



Arrow 

Foathor 

Both 

Women 

32 

14 

23 

Men 

24 

8 

17 


Now, if W(‘ r(‘gard the eff(H*.t of the suggestion in reducing the 
illusion, not as an absolute number of millimeters but as a 
fraction of th(‘ amount of the illusion itself, we obtain the fol- 
lowing figur(‘s. Thes(» figur(‘s show the effect of the suggestion 
in r(‘dueing tlu^ illusion <‘X{)r(»ssed as a percent of the original 
amount of the illusion. 

A Grout) B (Jroup 
(Arrow) (Foathor) Both 

WoiiUMi 53% S()% 65% 

Men 21 1H7 59 

Or, if w(‘ bas(‘ tlu^ ptwcent ui)on the uncorrected, crude, 
amount of th(‘ <‘ff(‘e.t of the suggestion in reducing the illusion : 



A Group 

B Groiij) 



(Arrow) 

( Foathtu*) 

Both 

Women 


n()% 

39% 

Men 

12.1 

75 

35 


From any of th(» points of view which have been proposed 
the wonwui appear nior(‘ suggestible in the case of the arrow 
figures and in tlu* av(U‘ag(‘ for t.lu^ two figures, but not for the 
f(‘ath(U’ figures 

An insp(*etion of the distribution of the different dc^grees 
of sugg(‘stibility which is shown in the graph (fig. 22) confirms 
the (‘videmee from tin* aviu-ag(^ figures that the women nvo more 
sugg{‘stil)l(‘. Som(‘ 35 pen- cemt of the rmni show no effect, or a 
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— 20 — 15 — 5 5 15 25 35 

or or or or or or or 

less — 10 0 10 20 30 more 

Pig. 22 — Miiller-Lyer Illusion. Light line, women; dark line, men. 

negative effect, of the suggestion, while only 22 per cent of the 
women resist the suggestion in this way. About the same pro- 
portion of men as women show a small positive influence (5 or 
10 mm.), but a larger proportion of the women show a large 
positive effect. Of the women, 20 per cent are influenced to an 
extent greater than 25 mm., while only 12 per cent of the men 
are influenced to that extent. It may be of interest to note that 
for these last-mentioned women, one-fifth of all the women, the 
influence of the suggestion (25 mm. or more) is actually greater 
than the average amount, for all the women, of the Muller-Lyer 
illusion itself. 



1916] 


Brown : Differences in Suggestilility 


383 


Fkequency op Different Degrees op Suggestibility 

The figures show the percentile proportion of the subjects who were 
induced by the suggestion to reduce the amount of the illusion by a stated 
number of millimeters. The number of millimeters given as the amount 
of the reduction of the illusion is the difference between the adjustment 
made at the first trial, when there was no suggestion, and the adjustment 
made at the second trial, under the influence of the suggestion. A nega- 
tive figure means that the amount of the illusion was increased instead 
of being decreased at the second trial in spite of the admonition of the 
suggestive statement. 

Full Table Condensed Table 


Amount 



Amount 



of reduction 

Women 

Men 

of reduction 

Women 

Men 

— 30 mm. or less .... 

... 4.9% 

CO 

0 or negative ... 

22% 

35% 

— 25 mm 

.. 2.4 

0.0 

5 nr 10 mm. 

.^2 

35 

— 20 mm 

... 0.0 

7.0 

15 mm. or over . 

4fi 

30 

— 1.5 mm 

... 4.9 

4.7 

20 mm. or over . 

24. 

19 

— 10 mm. 

. . 2.4 

9.3 

25 mm. or over . 

20 

12 

— 5 mm. 

... 7.3 

2.3 




0 mm 

... 0.0 

9.3 




5 mm 

... 12.2 

13.9 




10 mm 

... 19.5 

20.9 




15 mm 

... 21.9 

11.6 




20 mm 

... 4.9 

7.0 




25 mm 

... 7.3 

2.3 




30 mm 

... 9.8 

4.7 




35 mm. or more . 

... 2.4 

4.7 





The correlation of this test is not high with any of the other 
six, except perhaps Triangle, and the latter is a test which has 
comparatively high correlations with nearly all of the others. 
Negative correlations are^ almost as frequent as positive ones in 
the present case. 


Correlations Between Suggestibility in the Test With the Muller- 
Lyer Illusion and Suggestibility in Six Other Tests 



Women 

Women 

Men 

Men 


A 

B 

A 

B 

Size-Weight 

.05 

.21 

—.11 

.09 

Distance 

.00 

.24 

—.01 

.12 

Weight 

—.30 

—.31 

—.14 

—.07 

Eectangle 

—.04 

.02 

—.24 

—.15 

Triangle 

.16* 

,39 

.21 

.20 

Cross 

— .1.3 

34 

.06 

.21 
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In conclusion it may be said for tbis experiment that : 

1. Women are probably more suggestible than men. 

2. Positive correlations with other tests are only slightly more 
frequent than negative ones. 

3. Contrary to the general rule, more positive correlations 
appear with women than with men. 

3. Conclusions Concerning the Two Experiments With 

Illusions 

Both of these experiments are based on the assumption that 
most persons will take advantage of a hint which is given them 
concerning the nature of the mistakes made by others and, by 
implication, by themselves as well, and that the second estimate 
will show a tendency to correct what is supposed to be the com- 
mon mistake. As a matter of fact, most persons do act in this 
way. In the Size-Weight Illusion there is a tendency, it is true, 
to reduce the illusion even for that part of the work in which 
the directions assert that ^^most persons judge quite accurately,’’ 
but the tendency to reduce the illusion is much stronger when 
the directions suggest such a reduction ,* 71 per cent of the women 
and 58 per cent of the men respond in the way that was ex- 
pected. With the Milller-Lyer Illusion the amount of the illu- 
sion is increased in the absence of a hint, so that the reduction 
of it under the influence of the suggestion is not open to any 
question; in that case 78 per cent of the women and 65 per cent 
of the men respond in the way that was expected. Both experi- 
ments may be regarded as successful in so far as they obtain a 
response from a large proportion of the subjects. Unfortunately 
they leave a good deal to be desired when it comes to the meas- 
urement of the responses which are obtained. 

The sex differences which develop in these experiments are 
not entirely clear. In both of them a larger proportion of the 
women than of the men follow the direction of the hint which 
is given and react as it was expected that ‘‘suggestible” persons 
would react. But the measurement of the magnitude of the 
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influence of the suggestion reveals contradictions. Men are sug- 
gestible to a greater extent in the Size-Weight Illusion on the 
whole, but not in one part of it ; and women are more suggestible 
in the Muller-Lyer Illusion, but not in one part of it. 

In connection with the sex difference, it may be of interest 
to note that the extent of the illusions themselves, when no 
additional suggestions are made, is considerably greater among 
the women than among the men. 

Neither of these tests correlates very well with the other 
tests of this division. Furthermore, they do not correlate well 
with each other. In spite of the close resemblance of the two 
in the manner of their administration and in the method of 
scoring the results, it appears from the correlations that a person 
who yields readily to one of them has nearly as good a chance as 
anyone else of escaping from the snares of the other. 


YIII 

TWO EXPERIMENTS DEALING WITH THE EFFECT OP 
SUGGESTION UPON THE ESTIMATION 
OF MAGNITUDE 

1. Estimation of Distance; 2. Estimation of Weight 

These two experiments are very much alike. At the first 
sitting the subject was asked to make an estimate of a weight, 
and of the length of a string, and at the second sitting he was 
again asked for an estimate of the same weight and distance. 
The difference between the two estimates is assumed to be due 
to the influence of the suggestion which was given with the 
directions for the second test. Unfortunately there was no way 
of obtaining a direct measure of the amount of change which 
would have occurred between the two estimates if there had 
been no suggestion, but a comparison of the results of the two 
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suggestions, the influence of which was in opposite directions, 
partly obviates this difficulty. 

A special difficulty, which was encountered to some extent 
in all of the experiments of this entire division, but which be- 
comes particularly obvious in these experiments, is that persons 
whose memory is good will recollect at the second sitting the 
judgments which they made at the first sitting. The fact that 
such people repeat at the second test the estimate made at the 
first sitting is not always attributable to lack of suggestibility, 
but may be due to greater tenacity of memory. In the estima- 
tion of distance, 18 per cent of the subjects gave exactly the 
same estimate in the second test that they had given in the first 
test. In the estimation of weight, 17 per cent gave exactly the 
same estimate. Only three persons among those who gave the 
same estimate for the weight also gave the same estimate for the 
distance. 


1. Estimation of Distance 

The original directions, containing no suggestion, were a? 
follows ; 

ESTIMATION OF DISTANCE 

You will be shown a white cord suspended from the skylight. Yoi 
are asked to estimate the distance on this cord from the marker near thi 
top to the marker near the bottom. Do not try to estimate by comparisoi 
with parts of the building, or anything of that kind, but only by looking 
directly at the cord itself. The slat nailed to the railing gives the lengtl 
of one foot to aid you in making the estimate. Make the estimate a 
accurately as you can in feet and inches. 

A white cord 2 mm. thick was hung from the skylight dow] 
into the stairwell with one marker (a spool) at a distance o 
about fifteen feet above the floor and in front of the subject am 
the other about four feet below his feet. Under the circuui 
stances it was extremely hard to find any known distance witl 
which to compare the length indicated on the string. The one 
foot standard was nailed to the railing of the well directly i; 
front of the subject. 
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The accuracy with which the distance is estimated is a matter 
of some interest quite apart from any effect of suggestion. The 
distance was overestimated by 58 per cent of the men and by 
63 per cent of tlie women. The average overestimation among 
the men is 2.2 feet, and among the women 1.9 feet. The fol- 
lowing table shows the actual numlber of persons of either sex 
whose estimat(‘ departed from the true distance of 19 feet by 
the number of fe(d. stattnl. 


KiKtiniato Woinoii 

n foot, or movo too short 2 

4 fo(‘t too .short .‘i 

;i foot too short .‘i 

2 foot too short 

1 foot too short 

Kxjiotly rifilit 1 

1 fo(jt t.(»o long ^ 

2 fo(‘t too long 2 

,*1 foot too long () 

4 foot too long 1 

n foot too long 2 

{) f(w*t too long 

7 foot too long ^ 

8 foot too long 1 

i) foot too long 1 

11 foc‘t too long 2 

i;> foot ioo long 0 


-\du:il 

estimate 

0 

0 15 ft. 

(> 

2 

7 

8 19 

4 20 

o 


4 

8 

1 

0 

0 


;i 

1 


25 


80 


41 48 


A s()itit>\vluit >ui(‘V('ii (listrihution of the judgiiK'uts arises fmn 
the to iiiivko tli(‘ (‘stiiiiato in si roniul nmnbor of 

20, 25, or :$() ft>(d. 'riu‘ most r.onnnon (ist.iinat.c^ for both men and 
wonnni is not far from tlu^ tni(( distan(‘.<^. Tin; cases scatter out 
uuu'.b more' ov(‘i' tlu' <‘stiuiat<'S whie.li an* too gr(;at tban over those 
n'liieb an* too small. This e.orrifsponds to a feeling which the 
.snb.j(*ets oi’t(*n (‘xpn'ssisl hy sa,ving “not l(;ss than 18 f(;ct,” “not 
l<*ss than 20 fe<*t,” <■(.<;. Ap[)ar(mtly then; is a strong tendency 
to fix a low<‘r limit ladow wliicli an <;stimat.(; is very irnprohahh;, 
whih* tin; npp(*r limit, is indefiiiite. The feeling is that the dis- 
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tanee is surely not less than a certain amount but may be a greai 
deal more. This point will be reverted to in discussing the ex- 
periment upon the Estimate of Weight, which comes next. 

It may be noted now that one of the suggestive statements 
(B, given below) was in accord with the general tendency tc 
overestimate the distance, for it said that most people make the 
estimate too small, and that, of course, encourages the tendency 
to make it too large. This suggestion, which is in accord with 
the spontaneous tendency of the subjects, proves to be effective 
with more persons and to a greater extent than the other sug- 
gestion. 

The suggestive note appended to one set of directions (A) 
for the second sitting said: Note. — Most persons judge the 
distance to be longer than it really is. The other (B) set said 
‘^shorter’’ instead of ^‘longer’’. 

The data of the following table show that the second estimate 
was really influenced, in the average, by the suggestive statement. 
The figures show the average estimate of the distance, in feet, 
in the first test, when there was no suggestion, and in the second 
test, when there was a suggestion. The mean variation of the 
average estimate is also shown. 



Suggestion A 

Suggestion B 


to make shorter 

to make longer 


Feet 

U.Y. 

keet 

M.V. 

Women, first test, no suggestion 

21.2 

3.4 

20.6 

3.4 

Women, second test, with suggestion .. 

20.0 

3.1 

23.0 

3.9 

Women, eifect of suggestion 

1.2 


2.4 


Men, first test, no suggestion 

21.0 

3.4 

21.5 

3.6 

Men, second test, with suggestion 

20.7 

3.0 

23.0 

3.6 

Men, effect of suggestion 

0.3 


1.5 



The average of the second estimate differs from the average 
of the first estimate in the direction of the suggestion for both 
men and women and for both forms of the suggestion. 

Yet, ih spite of the convincing consistency of the averages, 
the following figures show that nearly half of the individuals 
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resisted the suggestion or reacted in the opposite direction. The 
figures are the proportion of all the subjects (in per cent) who 
resisted the suggestion. 



Sugges- 
tion A 

Sugges- 
tion B 

Both 

Women 

45% 

33% 

39% 

Men 

67 

42 

56 

Both 

57 

38 

48 


The figures which have been given, together with the graph 
showing the distribution of degrees of suggestibility, indicate 
a decided difference between the sexes. The average amount of 
the influence of the suggestion is greater for women than for 
men, and a larger proportion of the women yield to the sug- 
gestion. Moreover, a greater proportion of the women prove 



or or or"" 

more — 3 — 1 


0 


1 , 2 


3, 4 5, 6 Oyer 


Fig. 23 — ^Estimation of Distance. Light line, women,* dark line, men. 
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suggestible to a comparatively large extent, as may be seen from 
the graph (fig. 23). Of the women, 27 per cent change their 
estimate in the direction of the suggestion by five feet or more, 
while only 14 per cent of the men are influenced to so great an 
extent. 


Frequency oi* Different Degrees of Suggestibility 

The figures show the percentile proportion of the subjects who changed 
their second estimate from their first by the number of feet indicated. 
A negative number of feet means a change contrary to the suggestion. 


Change in feet 


Women 

Men 

— 5 or more feet .... 


... 4.9 

4.7 

— 3 or — i feet 


... 4.9 

11.6 

— 1 or — 2 feet 


... 7.3 

11.6 

0 foot 


... 22.0 

27.9 

1 or 2 feet 


... 12.2 

18.6 

3 or 4 feet 


... 22.0 

11.6 

5 or 6 feet 

.... 

... 17.1 

9.3 

Over 6 feet 


... 9.7 

4.7 


Special note must be made, in interpreting the table above, 
of the fact that the figures entered opposite zero include all the 
eases in which the second estimate was less than one foot dif- 
ferent from the first estimate. A good many changes (6 per cent 
of all the cases) of only a few inches were reported, so that the 
figures given opposite zero do not indicate the exact number of 
persons whose second estimate was precisely the same as their 
first. The figures given probably include some persons who 
remembered their first judgment and stuck to it, and also some 
who remembered their first judgment and compromised with the 
suggestion by making a change of only a few inches. 

Of the 24 separate coefficients of correlation, 14 are positive. 
The correlations with the closely analogous Estimation of Weight 
(to be described immediately) are distinctly negative in three 
cases out of four. The only high correlations are with RectangUj 
and less clearly with Triangle and Cross, tests which are apt to 
have higher correlations on their own account. 
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COKRELATIONS BETWEEN SUGGESTIBILITY IN THE ESTIMATION OP A DISTANCE 

AND Suggestibility in Six Other Tests 



Women 

Women 

Men 

Men 


A 

B 

A 

B 

Size-Weight 

—.09 

—.28 

.33 

.29 

Muller-Lyer 

.00 

.24 

—.01 

.12 

Weight 

—.35 

—.16 

.25 

—.30 

Rectangle 

.47 

—.03 

.24 

.31 

Triangle 

.03 

.06 

—.02 

.64 

Cross 

.16 

.31 

.45 

—.29 


The conclusions from this experiment are : 

1. Women are decidedly more suggestible than men. 

2. There is a majority of positive correlations between this 
test and other tests. 

3. The correlations are more distinctly positive for men than 
for women. 


2. Estimation op Weight 

This experiment is very similar to the one just described. 
The first (non-suggestive) directions were ; 

ESTIMATION OP WEIGHT 

You will be given a jug of water and a one-pound weight. You are 
asked to estimate the weight of the jug of water by lifting it. Make the 
estimate as accurately as you can in pounds and fractions of a pound. 

Enough water had been put into a corked two-gallon demi- 
john to make it weigh 17 pounds. An ordinary one-pound iron 
disc weight, such as is used with balances, was also given to the 
subject. The subject could take the weight in one hand while 
he hefted the jug with the other. 

The estimates of the weight of the jug of water were many 
of them very inaccurate. There was a strong tendency among 
both men and women to underestimate the weight ; 71 per cent 
of the women and 72 per cent of the men underestimated the 
weight by a pound or more. The average underestimation 
among the men was 4.1 pounds and among the women 3.3 pounds. 
The following figures show the actual number of persons of 
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either sex who made an estimate departing from the actual 
weight of 17 pounds by the nuniber of pounds indicated. 

Actual 

Women Men estimate 
.. 1 1 

,.3 3 5 lbs. 

.. 2 2 

.. 0 1 

..1 2 

.. 2 2 

.6 7 10 

.. 0 1 

-5 6 12 

-.0 0 

.. 1 2 

..6 2 15 

.. 2 2 

..0 1 17 

..1 2 

.. 0 0 

.. 9 6 20 

.. 0 1 

.. 0 1 

.. 0 0 

..0 1 

.. 2 0 25 

41 43 

There is a marked tendency to make a large proportion of the 
estimates in round numbers, 5, 10, 12, 15, or 20 pounds, partic- 
ularly the last. This tendency is responsible for a very irregular 
distribution of the judgments. One eifect of this is that no dis- 
tinct mode can be made out. The commonest estimate is 20 
pounds, but there are very few other estimates near that, and 
the next commonest estimate is 10 pounds. Probably the mode 
should be taken at 10 to 12 pounds, an underestimation of from 
5 to 7 pounds. The estimations run down to absurdly small 
amounts ; about 10 per cent of the subjects, both men and women, 
estimate the 17 pounds at 5 pounds or less. 

In this experiment, as in the one last described {Estimation 
of Distance), the B form of the suggestion, encouraging an in- 


Estimate 

More than 12 pounds too light 

12 pounds too light 

11 pounds too light 

10 pounds too light 

9 pounds too light 

8 pounds too light 

7 pounds too light 

6 pounds too light 

0 pounds too light 

4 pounds too light 

3 pounds too light 

2 pounds too light 

1 pound too light 

Exactly right 

1 pound too heavy 

2 pounds too heavy 

3 pounds too heavy 

4 pounds too heavy 

5 pounds too heavy 1 

6 pounds too heavy 

7 pounds too heavy 

8 pounds too heavy 
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crease of the estimate, was more eifective than the other form, 
blit in this experiment there is a natural tendency, without the 
to underestimate rather than to overestimate, and 
this timdeney is accompanied by a feeling which is the contrary 
of the feeling in Distance. In Distance there is a tendency to 
overfstiniatc, accompanied by a feeling that the distance is '^not 
less tlian- ' a certain amount, and may be more, while in Weight 
the tend(‘ncy is to underestimate and to feel that the weight is 
‘‘not more than’' a certain amount, and may be less. The con- 
clnsion is foi*c(‘d upon us that the greater eifectiveness of the 
B suggestion ('an not (h^pend upon either tlie tendency to under- 
estiniat(* oi* to ov(*r(‘stitnate or upon the peculiar feelings which 
accompany tlu‘se ttmdencic^s. It is possible that the individuals 
who r(K*(‘ived tlu‘ B sugg(‘stion were really more suggestible in- 
dividuals than thos(^ who rcccivcnl the A S(‘.t. 

Tlu^ suggest iv(‘ statimumt of the A s(‘t read : Note. — Most 
2}rrsons judge the weight to he heavier than it really is. The B 
s(‘t read “liglit(‘r” inst(‘ad of ^dmavier'’. 

Th<‘ dt‘gre(‘ of sngg(‘stibility was measured by the chang(‘. 
from th(‘ fir-st to th(‘ scH'-ond (‘stirnate. The following table prov(^vS 
that lh(‘ av(*r*ag(‘ chang(‘ was in the direction indicated by the 
suggt'stion. Th(‘ figur(‘S show the aven-age (‘stimate of the weight 
in th(‘ tii’st t(‘st, wlum th(n*(» was no sugge^stion, and in the second 
t(‘st, wlum tlH‘r(‘ was a suggestion. They give the amount in 
poiurds. Th(‘ m(*an variation of tlui average estimate is also 
shown. 



SuKpoHtion A 
to nuiko li|?hlor 

j>. 

Sup:j[':PHtion B 
to intik(« Int/ivior 

A 


PoundH 

M.V. 

PouiidR 

M.V. 

■Wotnen, /irnt tost, no HuggeHtion 

14.1 

n.o 

u.:\ 

4.7 

Woiii(*n, H(‘<'(>inl t.oHi;, with HUggi^Htion 

11.4 

2.7 

38.1 

7.5 

Wanirn, rjfrcl of siKfqrslioti 

ta.r 


4.8 


Mon, arst no siiggiwtion 

i;r.() 

4.5 

12.S 

4.5 

Mon, H('(*(»n<l toHt, with HnggoHtion 

vxr> 

4.4 

10.2 

;i.8 

Men, rff'rrt of nU(i{l<'st\on 

o.ri 


a.4 




394 TJniversity of California Puhlications in Psychology V^ol. 2 


Both men and women reduce the second estimate when told 
(A) that most persons overestimate, and they increase the second 
estimate if they are told that nijost persons underestimate (B). 
Yet, in spite of the consistent average figures, there were a con- 
siderable number of persons who failed to respond to the sug- 
gestion or who made the second estimate in a way contrary to 
the intent of the suggestion. The following figures show the 
proportion (in per cent) of the subjects who failed to respond 
according to the suggestion. 



Sugges- 
tion A 

Sugges- 
tion B 

Both 

Women 

40% 

29% 

34% 

Men 

50 

31 

42 

Both 

45 

30 

38 


While the number of persons who resist the suggestion is 
smaller than in the preceding test {Distance)^ it is still large. 


—5 —4 0 1 , 2 3 , 4 5 , 6 7 

or to or 

more — 1 more 

Fig. 24 — Estimation of Weight. Light line, women j dark line, men. 

Sex differences appear in this test which are very similar to 
those in the last. The average amount of the influence of the 
suggestion is greater for women than for men, as was shown 
above, and more men resist the suggestion or react negatively, 
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as is also shown above. The graphs for the distribution of the 
degrees of suggestibility show that a larger proportion of the 
women are inHiunieed to a comparatively great extent. Of the 
wonuMi, 39 p(‘r cent cliange as much as 5 pounds or more, and 
17 p(H‘ cent change as much as 9 pounds or more, while the cor- 
rc‘sponding liguivs for men are only 26 per cent and 2.3 per cent 
r(‘spectively. Then‘ can be no doubt that the second judgment 
of tlu‘ women is much more gravely affected by the suggestion 
than that of the men. 

pRKguKNcY or Du’rsRfcjNT 1 )k(?kees of Suggestibility 

The figures show the poreentile proportion of the sui)jcets who ehangod 
tludr soeoud ostiinate from tiieir first by tho number of'poiinds iudirjited. 
A negative numljer of pouiuls means a cdiange eontrary to tho suggestion. 


(Mnin^^* in }M>un(l.s 

W'onion 

M(‘m 

- 7 or more poumls 

4.9 

2 d 

- ' 5 or - -d) pounds 

4.9 

2.d 

- d or 1 pounds 

2.4 

7.0 

, -U or C pounds 

4.9 

9.d 

(1 p(»un<l 

17.1 

20.9 

1 or d poumls 

14.0 

lO.d 

d <»r 4 pounds 

1 o 9 

lO.d 

d or (i jiounds 

17.1 

18.0 

7 or S pounds 

4.9 

4.7 

t) or 10 pounds 

4.9 

0.0 

1 1 or 12 pounds 

0.0 

O •{ 

()V(*r Id poumls 

1 9 9 

0.0 


Th(‘ distrihutioii for Ihe m(*n is much mon‘ compact than 
that for th(‘ woimui. Tin* wonum show a [xaudiar tiuuhmcy to 
product‘ a disproportionnt(‘ number of individuals who are (‘itlim* 
(‘xtnumly suggest ihh‘ or extrtuuely resistant, so that their judg- 
mmits fall V(‘ry far away from tlu‘ normal. 

Only six of the t wmity-foiir S(*parat(^ coOTiciimts of corr(‘la- 
tion ar(‘ posit iv(‘. 'Phis is tin* only oiu^ of the S(‘V(‘n (‘xpm’iments 
of this division which shows a distinct pn'pondiu’ance of negative 
corr(‘lations. Tlu* co<‘ffi<'i(‘nts of correlation do not give indica- 
tions of a clos<‘ r(‘lalion Ixdwixm this t(‘st and any of tht‘ others; 
tin* (correlation with tin* (U'oss (‘Xfxu’iimmt is tin* only om^ with a 
|K)sitiv(‘ av(‘ragt‘ for tin* four instanc(‘s, and that is consishmtly 
n(»gativ(* for wonum. 



.’iJNi Cuivt rsifif of (*<ilifonii(t Puhlirations in i*sijvholoffjf 1 Votu2 

<’(>ltliHl,ATU»NS lU-’.TWKKN SrtMJKSTlHU.lTV IN TltK, KSTiM VlltiN or W>;ii{HT ANU 
St'dliKSTimt.tTV IN Six (ITIIF.U 



.1 

.07 

H 

\Uu 

\ 

nis 

n 

.It; 

M iillor-hyor 

.no 

.ni 

.M 

.07 

Pistuiu'O 

.nn 

.10 

.:?5 

.no 


.no 



.5« 

Triauj'lo 


.15 

.«5 

A\ 

<'r(iss 

.07 

.in 

.17 

.ni 


This t‘Xpt*riuu‘nt h‘atls to tin* followiny: cMiiM‘lust<inM : 

L Womt‘u an* (listiiirtty nton* iiiHut*Ht*inl Us th** suj^i;**stuui 
than nu*n. 

2. Su^{i^:i*stihility in this <*xp»*rimt‘ut is imt |M»Hitiv»*ly rtjrn** 
Inttsl with suj^:i;t*stil)ility in ntht‘r t**Hts. 

lU Tht‘ ti‘ri<h*n<*y t<) iifgut iv«» tNirri*lnti<in is Ifss <listinft nnmni? 
tin* men than nmoni>: tin* w<nin*n. 


li, (’<»N<‘I*l'Sl(KNS (’()Nt’KUNlN<J THK TvVu DnvnjNC 

With tuk Hstim\ti<*n or M nis 

In hath nf th<%sr «*>cp<*rinn*nts tin* av^ruM:** jtnlKnn*nts shtm 
that tin* suj^j;<*.sti(Hi is n*ally ♦*tTis*tivf. Y»*t tlnT** an* a rcmsitl 
t*rahh* miiulinr of pt*rsons who niv nhh' to resist tin* sui?i^»‘stion 
Tin* suKji:i*st i<ai of tin* B typ«* proves nion* firfftiv** thuti tin* <»th«*r 

Worann am inon* su^M^ostibh* than ntfit in ht»th i*\p**rinn*rtt! 
and from nvnry point of vit*w. 

Estimation of Distanrt c*t»rmlat«'H positivrly, Hstimntion o 
Wviifht nntcativnly, with ot!n*r tnats of this ilivision, In spiti 
of tin* g:mat amount of sup«*rfh‘inl similarity hi*tvvri*n tin* tvv< 
tnsts, tin*y do not cormlatn positivtdy with nm*!! otln*r, ninl. nl 
thoimh many pnrsons am ahh* to msist tin* stmm:*‘Ht ioti of oin* o 
tin* otin*!* of fln*m» V(*ry f«*\v an* nhh* to rosist tln*m both. 

Tin* nonnininnts of <*ormlnti<tn am hia:hf*r for nn*n than fo 
w‘omi*n in both trsts. 
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IX 

FOUR EXPERIMENTS DEALING WITH THE EFFECT 
OF SUGGESTION UPON SIMPLE ESTHETIC PREF- 
ERENCES IN THE MATTER OP THE 
PROPORTIONS OP GEOMETRICAL 
FIGURES 

1. Rkotan(jle; 2. Triangle; 3. Cross; 4. Line 

In tlios(' oxpeiinionts the subject was at first permitted to 
nrrang(^ simpl(‘ geoni(‘trical figures (a rectangle, a cross, etc.) 
iieeording to his own (ssthetic judgment. When he came for the 
s?c‘con(l sitting lu‘ was given a supphnuentary statement to the 
idleet that ‘‘most pcu’sons do so and so’’ (make the rectangle 
iK^arly s((uar(S divider tlu^ line in the middle, etc.). The amount 
of tlH‘ infliumec* of th(‘ suggestion was measured by the amount 
by whi(di th(‘ s(»eond (‘stimale clianged from the first in thci 
<.lii*(‘(*tion indieat(‘d by tlu* suggestive assertion. 

An obvious difficulty arisc^s from the fact that the form of 
tlu* sugg(‘stion was not modified in accordance with the actual 
cdioic(‘ of th(‘ sul)j(Hd.. Thus a vStatement to the effect that ^^most 
ixu'sons pref(U’ tlu* r(»ctangl<^ almost s<|uare” might be given to 
ix peu'son who himself really preferred it almost square or to one 
who i*(‘ally pndnrrc'd a V(uy long rectangle. The effect of the 
j^xigg(‘Stion could not lx* exp(H*.t(xl to be the same with these dif- 
f-(*r(*nt p(*rsons. Tin* force* of this objection is considerably re- 
clue(*d by flu* fact that v(‘ry f(*w peophi regally do pref(?r either 
OIK* of tlu* <‘xtr(*!n(‘ forms d(*scribed in the suggestive statements ; 
inost p(‘opl(‘ pr(*f(‘r (in fact) som(*thing betweem the extremes 
whi(*h an* us(*d for suggestion. 

hi thi‘se (*xp<‘rim(‘nts mon* than in any of the others we may 
to find “negativi*” suggi^stibility, for when an individual 
i-(*ads th(* assertion that “most people ])refer” so and so he may 
±\w\ it as a chall<*ng(‘ to his individual taste and be inclined to 
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do what only the select few are supposed to do. This difficulty 
has been avoided in the other experiments of this series by 
giving the impression that what ‘"most people’’ do is a mistake 
which the individual may have committed himself and which 
he can now correct. In the four experiments of this sub-group 
the notion of a mistake does not enter. The subject is therefore 
in a different attitude. Instead of considering himself as one 
among others, all of whom are liable to make mistakes, he has 
here to weigh his own judgment against that of the crowd, and 
he may be influenced positively, in the direction of the popular 
choice, or negatively, in opposition to the popular choice. In 
the following statements the term ‘"suggestibility” will be re- 
served for the positive reaction in the direction of what is sup- 
posed to be the most common, and in so far the most correct, 
judgment. 


1. Eectangle 

The first directions, which contained no suggestion, were : 

RECTANGLE 

You will be shown a rectangle of white cardboard the proportions of 
which can be adjusted to suit your taste. Let the experimenter adjust 
the rectangle so that it looks to you to have the most pleasing proportions 
which it is possible for it to have. 

The rectangle had a constant height of 20 centimeters. It 
hung in a frame on the wall about 3 meters away from the sub- 
ject. It was mounted on black bristol, and it was adjustable in 
length by means of a sliding black cover which was uniform with 
the mounting board. No choice less than the square (20 cm.) 
was allowed. The changes were made by first opening the rect- 
angle out from the square to its extreme length (70 cm.), then 
closing it up to the square and opening it up slowly a second 
time with instructions to the subject to say “stop” when the 
best shape had been reached. Changes were permitted in ease 
the subject was not quite satisfied ^ith the effect after the oper- 
ator had stopped. 

Some interest may be taken in the actual proportions of the 
rectangles which were selected in the first part of the experiment 
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when the choice was not affected in any way by suggestion. 
The average of the choices of both men and women is not far 
from the ^‘golden section/’ that is, a rectangle such that the 
ratio between the short and long sides of it is equal to the ratio 
between the long side and the sum of the two sides. The figures 
show the average length of the preferred rectangle and the mean 


variation in centimeters. 

M.V. 

Average length of women's preference 31.8 3.7 

Average length of men 'a preference 31.7 5.4 


Length of ‘^golden section" (20:L =: L:L + 20) .... 32.36 

The distribution of the choices is shown in the following 
table. It will be r(‘m(‘mb(‘re(] that no choice below 20 cm. (the 
square) was acceptcul ; this accounts for the absence of scattering 
eases bc‘low 20. ()th(‘rwise the distribution is quite symmetrical 
and th(n-(^ is a distinct mode at the average. Evidently the 
“goldcni stHdioiT’ do(‘s n^ally repr(‘sent not only the average 
choic(^ but th(‘ (dioici‘ of tlu* gn^atest number of individuals, botli 
in(*n and wouum. Individuals whose j)reference departs radi- 
cally from th(‘ “gold(‘n S(‘ction” are more apt to be found among 
the. nuui than among tlu‘ wonum. The figur(‘s of the table show 
the actual number of p(‘rsons of either Hex whose prefeirence was 
fo!' a, n‘ctangl(* of a hmgth within tlu* stat(Ml limits. 


liCJijiTtli of WonuMi IMcu 

20 cm. (s({uarc) 0 4 

21 to 23 cm 3 2 

24 to 26 cm 2 3 

27 to 2<) cm 7 6 

30 to 32 cm 12 13 

3;{ to 35 cm. 10 5 

36 to 3.S cm 3 5 

39 to 4 I cm. 2 1 

42 to 44 cm. 2 1 

45 to 47 cm 0 1 

4S to 50 cm. 0 0 

51 to 53 cm 0 1 

54 to 56 cm 0 1 


41 43 



4lH) I’nivt rsifjf (tf California Pnhlirafions in I*sifcholo<fji 1 Vou- 


The su^jjct‘stivt‘ statenu^nt used in tlu‘ A set ot‘ <lireetious read 
as follows: Notr,—Mffst prrsons prrfrr to hart on* sidr mono 
than tirivi as long as ihv othvr sUU\ The otluu* set of direetious 
(lU reatl: Not (\ — Most persons prefer to have the fitpire nearbj 
square. 

Tile ti^urt‘s of the following table ^ive tlu‘ proof that the 
ehoiee nuule undtu* tln‘ infliuwe of tht\s<‘ suggestive stati‘iuentH 
was really ehangt^d from the first ehoiet» in tin* dire<*tion of the 
suggt‘stion. The figiin's show the avt»rage bmgth <d’ the pre- 
fernnl reetangle in the first test, without suggest i<m, ami in the 
se(M)nd test* with suggt‘stion. Tht^ figures iudieate etuitimeters. 

In eaeh of the four groups into whieh tlu‘ expt*rinient i?^ 
divided the ehangt* from the first ehoi<*e to the ehoiee in the 
si‘(*ond test is in the direetuui indieated by the <lireetions. A 



Pijij. lie KertniijL^le, Lij'ht Utie, wuineri; «liirk line, 
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change of at least one centixneter in the direction of the sug- 
g’estion was ixiade by 78 per cent of the women and by 56 per cent 
of the men. 



Suggestion A 
to make longer 

Suggestion B 
to make shorter 

A 

Women, first test, no suggestion 

Length 

31.4 

M.V. 

3.6 

Length 

32.2 

M.V. 

3.6 

Women, second test, with suggestion . 

36.5 

5.5 

29.5 

3.9 

Women, effect of sup <j cation 

5.1 


S.7 


Men, first tost, no suggestion 

30.0 

4.7 

34.0 

6.2 

Men, second test, with suggestion 

31.6 

5.9 

31.3 

4.8 

MeUt effect of suppestion 

t.6 





From the figurt‘s which have already been given it is clear 
that the women are considerably more subject to the influence 
of this suggestion tlian are the men. The graphs for the distri- 
bution of diff(‘r(mt (h^grees of suggestibility (fig. 25) also show’' 
this sex difl-ert‘ne(‘. The women show a distinct mode for two 
or thr(‘e c(‘utimc‘t(‘rs of suggestive influence, while the men show 
a mode at a point below More women are suggestible and 

a larg(n* proportion of tlu^ women are influenced to a compara- 
tively large (‘.xttmt. 

PRKciUKNc’Y or DirrKRKNT Dpxjrees op Suggestibility 

The iiguroH show the pereentile ]>roj»ortion of the subjects who were 
iiiflueiicod by the suggestive statements to change their second choices 
from tlieir lirst choices by tlie number of centimeters indicated. A minus 
figure means a change contrary to the suggestion. 


(•bangc 

Wonuui 

Men 

— 7 cm 

0.0 

2.3 

— 5 cm 

0.0 

2.3 

— 3 cm. 

2.4 

2.3 

— 2 cm 

7.3 

11.6 

— 1 cm 

0.0 

13.9 

0 cm 

9.8 

9.3 

I cm 

4.9 

9.3 

2 cm 

14.6 

4.7 

3 cm. 

19.5 

9.3 

4 cm 

9.8 

9.3 

5 cm 

7.3 

7.0 

6 cm 

4.9 

9.3 

7 cm 

2.4 

2.3 

H cm. 

4.9 

4.7 

9 cm 

2.4 

0.0 

10 cm. or more 

7.3 

2.3 
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Tlu‘n‘ (*{ui bt‘ no doubt that wonuui an* nion* su^^}^n‘st iblt‘ than 
luon in this oxpt*rinu‘nt. 

Tlu* oorrolations botwotui this t4‘st and tlu* otlau’ six aro lu'arly 
as oftt*n iu'}j:ativt‘ as posit ivf. Tlio oorrolations an^ tdiiotly posi- 
tivt* with tlu* otlu‘r two tosts of this i‘stlu*tii* frn»u(» ( Trinmjh aiul 
(*niss) and with Kittiniation t$f t , 

< 'OKUF.r.ATlOXS ttFTWFKX SlUUJKSTimi.lTY IN' TIIF ril«Mc‘F »»K \ l{l>UT VNca.|-; ANt» 
Sr<{(}KSTlHn,lTY IN Stx nTUr.U Tfsts 


S'r/o \V»*i{;ht 

VVoUK’ll 

A 

.It 

WtilltiMI 

a 

.2a 

Mrn 

A 

.1.1 

W 

.x\ 

Miillor byt‘r 

.0 1 

.02 

.21 

.1.1 

Uistaiuo* 

.47 

.o:i 

.21 

.:u 

Wt'ia:ht 

.00 

.20 

,00 

" *1 

Trianjtjlt* 

.0.1 

.17 

.2tl 

U»2 

i'ross 

.27 

.:io 

.21 

,‘»7 


Tlu* most im[>ortant oonulusions from this lAporiimoP an*: 

1. Womt*n an* mon* sujy:^t*stibb» than tiM*n. 

2. For mon tlu^n* may bo somo oorrolati<m botwi*on suj^jijfost i 
Idlity in this and in otht‘r t«*sts» but for w<imon tlu*ro is not. 

2. TmANcaa-: 

Tlu* first dir(*oti(ms (without su^^<*stioin won* as follows: 

TUIANUa.M 

You will Im' .sloiwii a trinn^U* of whin* 'rit*' lirij-tlU of fhi 

tri:o» 54 ;lt» i'un ho rhnrij^tol t<» suit y«iur tusto wtthouf » hanj^ni^^ tho has*' 
I.ft tin* oxporinioiiior adjust tho trianab* ioitil »t snuu** to >tot to liavo th 
iiiost ploasiiijjj prtiport ions wliioli it is possihU* for it to liavr. 

Tlu* hast* <tf tho isooolos triaujflo was ap[ 0 ‘o\imatfly l!» r*iti 
Tlu* sulos of it won* doruu*d by tw(» sliclinj*; wint^s of blaok brlstol 
}5y moving a raok up ami <lown tho i*xporimotitor omdd var 
tho iioijrht without <*hanjy:in^ tin* baso appn*oinblv. Tlu* ohaiij^: 
was uumIo by first inon*asiu^ tho hoijudtt fmm s to 22 oto., tho 
roturninjx to S and inoroasin^ at^:ain slowly until tho sulijoot sai 
“stop". 

Tlu* spontam*ous ohoioo <»f tin* subjts*ts, moti and wtauon, i 
the first tost, whon tlu*n* was no su|t:jjfost nm, is ^iv**rt bolow. t< 
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gether with the mean variation. The figures show the average 
height, in centimeters, of the triangle chosen. 

Height M.V. 

41 women 15.9 cm. 2.8 
43 men 16.0 3.6 


The height of an equilateral triangle of 19 cm. base would 
be 16.5 cm. The distribution of the choices is given in the 
following table. The figures show the actual number of persons 
who chose a triangle of the specified height. 


Height 

Women Men 

9 cm 

0 

1 

10 cm 

1 

0 

11 cm 

1 

3 

12 cm 

9 

5 

13 cm 

7 

7 

14 cm 

7 

5 

15 cm 

8 

7 

16 cm 

4 

1 

17 /»Tn. 

4 

1 

IS cm 

1 

2 

19 cm 

2 

3 


20 

Height 

cm 

Women 
0 

Men 

2 

21 

cm 

0 

0 

22 

cm 

0 

1 

23 

cm 

1 

0 


24 cm 0 2 


26 

cm 

1 

2 

33 

cm 

1 

0 


41 43 


There is a distinct mode in this distribution for the heights 
of 13, 14, or 15 cm. The comparatively large number of scat- 
tering choices above 20 cm. is responsible for bringing the aver- 
age up to 16 cm. The common choice of a triangle about 14 cm. 
high undoubtedly represents an effort to secure an equilateral 
triangle, for a true equilateral triangle 16.5 cm. high does not 
appear to be equilateral, but seems to have its sloping sides 
longer than its base. 

No important sex differences appear in the original choices 
of the most pleasing triangle. 

The supplementary statements intended for suggestion were 
similar to those used in the preceding experiment. Form A 
asserted that most persons prefer a triangle in which the height 
is about Uuice as great as the base, while form B said that most 
persons prefer a triangle in which the height is only about half 
as great as the base. The actual amount of difference, in centi- 
meters, between the height in the first choice and the choice made 
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three weeks later under the influence of a suggestive statement 
has been taken as the measure of suggestibility in this experi- 
ment. The following table contains the proof that the second 
judgment was really affected by the suggestion. The figures 
show the average height of the preferred triangle, in. centimeters, 
together with the mean variation, both in the first trial, without 
any suggestion, and in the second trial, when there was a sug- 
gestion. 

For both men and women the second test shows a decided 
change in the direction indicated by the suggestion, and this is 
true in both divisions of the experiment. Moreover, the original 
data show that a change of at least one centimeter in the direc- 
tion of the suggestion was made by 58 per cent of the women and 
65 per cent of the men. 



Fig. 26 . — Triangle. Light line, women; dark line, men. 
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Suggestion A 
to make higher 

Suggestion B 
to make lower 

^ 


Height 

M.V.'' 

Height 

M.V.^ 

Women, first test, no suggestion 

- 15.8 

3.0 

16.1 

2.7 

Women, second test, with suggestion 

17.8 

3.6 

14.9 

2.7 

Women, effect of suggestion 

...... 2.0 


1.2 


Men, first test, no suggestion 

15.2 

2.7 

17.1 

3.8 

Men, second test, with suggestion 

...... 17.5 

3.3 

14.3 

2.4 

Men, effect of suggestion 

2.3 


2.8 



The sex difference in this experiment is conspicuously dif- 
ferent from that which has been found in most of the experi- 
ments. The men are more influenced by the suggestion under 
both the A and B forms, particularly under the latter, and more 
individual men than women are influenced to the extent of one 
centimeter or more. The distribution of the degrees of suggest- 
ibility (fig. 26) shows also that the men are more suggestible. 


Frequency op Different Degrees op Suggestibility 


The figures show the percentile proportion of the subjects who changed 
their second estimate from their first by the number of centimeters speci- 
fied. A negative figure means a change in the direction opposite to that 
indicated by tjie suggestion. 


Change 

Women 

Men 

— 6 cm.- 

...... 4.9 

0.0 

— 5 cm 

2.4 

2.3 

— 9 p.m. 

4..Q 

2.3 

— 1 cm 

7.3 

7.0 

0 cm 

21.9 

23.3 

1 cm 

12 2 

7.0 

2 cm 

9,7 

13.9 

3 cm 

9.7 

16.3 


Change 

Women 

Men 

4 cm 

...... 7.3 

7.0 

5 cm 

7.3 

7.0 

6 cm 

4.9 

2.3 

7 cm 

2.4 

0.0 

8 cm 

0.0 

2.3 

9 cm 

2.4 

2.3 

10 cm 

2.4 

4.7 

11 cm 

0.0 

2.3 


When the rankings in this test are correlated with the rank- 
ings in the other six tests it is found that 17 of the 24 coefficients 
are positive. The only test with which there is a negative cor- 
relation when the four coefficients are averaged is Estimation 
of Weight. The correlation is high for men with the closely 
related test Rectangle, but not so for the women. On the other 
hand, the test with the Gross, which resembles both Triangle and 
Rectangle in general method, shows a good correlation for women, 
but not for men. 
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Correlations Between Suggestibility in the Choice op a Triangle and 
Suggestibility in Six Other Tests 



Women. 

Women 

Men 

Men 


A 

B 

A 

B 

Size- Weight 

—.32 

.33 

.12 

.38 

Miiller-Lyer 

.16 

.38 

.21 

.20 

Distance 

.03 

.06 

—.02 

.64 

Weight 

—.21 

—.45 

.25 

—.41 

Rectangle 

.05 

—.17 

.26 

.62 

Cross 

.37 

.16 

.18 

—.11 


In conclusion it may be said that : 

1. Men are clearly more suggestible in this test than are 
women. 

2. The correlations between this test and others are positive 
for the most part, but more clearly so for men than for womeiii, 

3. Proportions of a Cross 

The first directions, involving no intentional suggestion, were 
as follows: 

PREFERRED PROPORTIONS OF A CROSS 
You will be shown a black cross which is so constructed that you can 
adjust the cross-piece in any position on the vertical piece according to 
your taste. You are asked to adjust the cross so that the cross-piece is 
in a position where it seems to you to produce the most pleasing effect. 

The cross was made of black cardboard mounted on a sheet 
of white bristol. The bars were one centimeter wide. The 
vertical piece was 56 cm. long and the cross-piece was 36 cm. 
long. It was hung up with the middle of the vertical piece about 
at the level of the eyes. The adjustment was made by the sub- 
ject himself. The subject was not permitted to place the cross- 
piece below the middle of the vertical piece, even if he desired 
to do so, which seldom happened. 

The arrangement of the cross which is generally chosen is 
indicated by the following figures. The figures show the average 
length of the head-piece, that is, the average distance of the cross- 
piece from the top of the vertical piece. 

Length M.V. 

41 women 16.9 cm. 2.3 
43 men 15 5 19 
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The golden section’’ of the vertical piece considered alone 
would give a head-piece of 21.4 cm. The length of the head- 
piece would be 11.1 cm. if it stood in the golden ratio to the arm 
(18 cm.) of the cross. 

The actual number of persons who arranged the cross with a 
head-piece of various lengths is shown below. 


Length 

Women 

Men 

10 cm 

0 

1 

11 cm 

1 

1 

12 cm 

0 

3 

13 cm 

3 

4 

14 cm 

4 

5 

15 cm 

5 

4 

16 Am 

9 

11 

17 A.m. 

6 

5 

18 cm 

4 

2 


Length 

19 cm 

20 cm 

21 cm 

25 cm 

26 cm 

28 cm. (middle) 

41 43 


Women Men 
..4 4 

.. 0 1 

..2 0 

.. 1 1 

.. 1 0 

.. 1 0 


There is a distinct mode at 16. The distribution about this 
mode is fairly symmetrical, except for four individuals who 
chose to place the cross-bar near the center of the vertical piece. 
The data do not show any very consistent sex diiferences with 
regard to the simple choice of proportions for the cross. Cases 
of an unusually high position for the cross-bar are more common 
among the men, and three of the four very low cases were women, 
with the result that the average position is nearer the top for 
the men than for the women. But an inspection of the complete 
distribution shows that the average made up in this way is not a 
fair index of the relation between the sexes. 

The suggestive statements given to the subjects in the second 
test were very similar to those used in the last two experiments 
{Rectangle and Triangle). The A form said that most people 
place the cross-piece quite near the top; the B set said that most 
people place the cross-piece almost in the middle. The choice 
at the second sitting was actually affected by the form of the 
suggestion, as is shown below. The figures show the average 
distance of the cross-bar from the top of the vertical piece as 
adjusted at the first sitting, without suggestion, and as adjusted 



408 TJniversity of California Piihlications in Psychology [Vol. 2 


at the second sitting under the influence of the suggestive state- 
ment. 



Suggestion A 
to make shorter 

A 

Suggestion B 
to make longer 


Distance 

M.V. 

Distance M.V. 

Women, first test, no suggestion 

....... 17.3 

3.0 

16.5 2.0 

Women, second test, with suggestion 

14.8 

3.2 

17.4 2.9 

Women, efect of suggestion 

2.5 


0.9 

Men, first test, no suggestion 

15.5 

1.7 

15.5 2.3 

Men, second test, with suggestion 

....... 15.4 

2.1 

15.9 2.0 

Men, effect of suggestion - 

0.1 


0.4 


Each of the four groups of subjects gave judgments in the 
second test which differed from their judgments in the first 
test in the direction indicated by the suggestion. Although the 
change is not large enough in some of the groups to have any 
significance in itself, it acquires significance from the agreement 
of the groups with one another and from the fact that a similar 
tendency to conform to the suggestion has been shown in the 
experiments with Rectangles and Triangles. It will be noted 
that the absolute amount of the average change of judgment is 
not so great in this experiment as in the other two. The change 
amounted to one centim,eter or more with 56 per cent of the 
women and 44 per cent of the men. 

Women are more suggestible in this test than men ; a larger 
proportion of them yield to it, and the average amount of the 
influence of the suggestion is considerably greater among them. 
The distribution of the degrees of suggestibility, shown in the 
graph (fig. 27), indicates that women are much more apt to be 
influenced to a considerable extent by the suggestion. Only two 
men, or 4.7 per cent, change their judgment as much as 4 cm., 
while ten women, or 24.4 per cent, change 4 cm. or more in the 
direction of the suggestion. 

This test gives relatively good correlations with all of the 
others. Except for Estimation of 'Weight, three of the four 
groups give positive correlations for each test, so that seventeen 
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Frequency of Different Degrees of Suggestibility 

The figures show the percentile proportion of the subjects whose second 
arraiigeuient of the cross differed from their first arrangement by the 
number of centimeters indicated. A negative figure means a change in 
tho direction opposite to that indicated by the suggestive statement. 


Change 

WonuMi 

Men 

14 cm.. 

2.4 

0.0 

10 cm 

0.0 

2.3 

9 cm 

2.4 

0.0 

ij cm 

0.0 

2.3 

4 cm 

2.4 

2.3 

d cm 

2.4 

0.0 

2 cm 

9.8 

9.3 

1 cm 

7.8 

16.3 

0 cm 

12.2 

20.9 

1 cm 

9.8 

14.0 


Change 

Women 

Men 

2 cm 

9.8 

18.6 

3 cm 

17.1 

9.3 

4 cm 

4.9 

2.3 

5 cm 

7.3 

2.3 

7 cm 

2.4 


8 cm 

2.4 


10 cm 

2.4 


cm. 

2.4 


17 cm 

2.4 




Fig. 27 — Cross, Light lino, women; dark line, men. 



4lt» rniirntiiif r>/ Califanu'd lUthlirafiaatt in PsifcUnltHtit I Vt>i . t 


of tlu‘ twoiit y-four ooortioit'jits aro posit ivt*. Tho <*orn‘latious 
with tilt* otlu*r tt‘sts of this suh-ji^roup {Hi vtamjU, Trittnfflt') an* 
posit ivt*, hut no jj:n‘att*i* in aniount than for tt‘sts which lay no 
claim to dost* rt‘lationship with this out*. 

(‘outtsr.ATmN' tiSTvvr.sN StHuissrimraTY in liniAua to tiik. PuttrtmnoNs or a 
(* ttOSS and ScoOKSTimi.lTY IN SiX Otiiku TI'*STS 



Wtittoni 


M»‘it 

Mi'ti 


A 

a 

A 

n 

Siv!o Wt'i^ht 

.ni* 

.0.7 

.2S 

.17 

Miiller IjVer 

.la 

.:n 

.Ofi 

.21 

nistauee 

.10 

.ni 

.47 

.20 

Weijjht 

.tt7 

.t:i 

.17 

.«'i 1 

Ut'etunah* 

.27 

.:ui 

.21 

«•* t 

Trinu^U* 

.:;7 

.10 

.IS 

.11 


In ctmclusion it may he saitl that : 

1. Womt‘n an* tlct*itlt*<lly mort* su^^t*stihlt* than mt*n in this 
test, 

2. Then* an* posit ivt* corrt‘lHti(ms ht*twt*t‘n this an<I tin* otlit*r 
tt*sts of this j'roup. 

.*1, Tht* corn*lations an* positive mon* often ant! mon* dearly 
for women than for men, wliidi is t*xt‘e[»tit»nal. 

•1. Division op \ LiM'; 

The 'Mint*’' n*ft‘rre<I to in this experiment was a hlaek <*anh 
hoard strip om* <*t*iitimeter wide ami oti em. attached hy its 
emls lioriy.ontally to a shet*t of widtt* hristol. A small hlaek 
cross pii»ci» I cm wide ami 2.0 cm. toiif^: slitl hack ami fi»rth t»n 
this ‘dim*'\ The subject math* his own atljustnnml tif tlie posi^ 
tion <d‘ the (*rosS"pit‘ce on the line. Hither tin* left or the riirht’ 
hnmi p<»rtion of the line couhl he made lonn:**** than the ttther 
ptirtion, actairtlim? to tin* prefen*nce of tin* snhjt*t*t, Init in either 
case it was tin* shorter portion whieh was nn*asun*d. 

The ordinal diret'lions wt*re: 

VHKVimtKU PUOPOItTlONS 0|*' A lASK 

Yen will he sloovii n hlurk hue on \vhi«*h ther«* m n piei ** wltn-h 

vmi rail jcljust so ns tti <livi»h* the line in ati> pio|ii»rtiofi to /out ViMO 
taste. You are aske«l to ailjust the Hue s<» that the ritimll sluHuii^ pMve 
♦liviileM the line iu what appears to y<ni t<t he the most pleaHtaj' proportoMi. 
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The suggestive statements which were given to the subjects 
at the second sitting were almost identical in form with those 
used in the experiment last described (Cross). The A form 
said that most persons make one part very short and the other 
part very long. Tlie B form said most persons divide the line 
into two equal or nearly equal parts. 

Many subjects regarded this experiment as quite foolish, as- 
serting that the division of the line did not interest them; yet 
a surprising number made the adjustment of the second sitting 
approximately the same as that of the first sitting. In fact the 
number of persons who resisted the suggestion (in spite of their 
assertion that they did not care much where the line was divided) 
was so great that the data from the experiment prove to be of 
very little value. The following figures show how few persons 
were iufluenciHl to an appreciable extent by the suggestion or 
changcHl much from tluur first choice. The figures are the actual 
.number of subjects. 


WomtMi Men 


No ('liaiigc, or ?i rbuiigo of 'S cm. or less 

(Ihjuigo in tlu‘ (lin‘(‘l;iou of tho suggestion of over 3 cm 5 (> 

(Uuuige opposite to the suggestion of over 3 cm 4 1 


Th(‘ value of this experiment is also diminished by the fact 
that many p(‘i*sons do, as a matt(‘r of fact, prefer the line divided 
about in the middhs so that one form of the suggestion fails of 
its ])ur|)os(^ in so far as it does not call for any change, in numer- 
ous instanc(‘s, from th(‘ first choice. This difficulty has been 
I)res(mt in th(‘ otlun- (‘xp<‘riments of this group, but not to the 
sanu^ (‘xtcmt. Th(‘ following figures show the actual number of 
p(*rsons who, at tlu^ first sitting, chose to divide the line in the 
iniddh^ or not rnori*. than 2 cm. from the middle, and also the 
inimbm* of thos(‘ who W(‘r(^ allhcttKl by the suggestion to the 
extcmt of hmving th(‘ middl(‘ or of coming to the middle. In 
computing th(‘S(‘ figures a (thoice within 2 cm. of the middle of 
th(‘ lin(‘ is counted as a pnd’tuvnce for the middle. 
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Among 20 women, A, 8 first chose the middle, of whom 1 yielded to 
the suggestion by leaving the middle. 

Among 21 women, B, 10 first chose the middle, and 2 others chose the 
middle under suggestion in the second test. 

Among 24 men. A, 10 first chose the middle, of whom 3 yielded later 
to the suggestion by leaving the middle. 

Among 19 men, B, 10 first chose the middle, and 3 others chose the 
middle under suggestion in the second test. 

The following figures show the average length of the short 
portion of the line in the first test, without suggestion, and in 
the second test, under the influence of a suggestive statement. 

Suggestion Suggestion 
A to make B to make 


shorter longer 

Women, first test, no suggestion 22.4 cm. 23.4 cm. 

Women, second test, with suggestion 22.5 24.3 

Women, effect of suggestion — OS 0.9 

Men, first test, no suggestion 21.5 22.7 

Men, second test, with suggestion 19.9 23.6 

Men, effect of suggestion 1.6 0.9 


From these figures it appears that the average position o:! 
the division is affected to some degree in the direction of th< 
suggestion in three of the four groups of subjects. 

The effect of the suggestion is more pronounced among th< 
men than among the women. Not only is the average infiuenc« 
more marked among the men, but the number of men who deser 
their first choice at the middle, or who change to the middl 
under the influence of the suggestion, is greater, and fewer o 
them make a distinct change in the direction away from tha 
indicated by the suggestion. 

On account of the unsatisfactory nature of the measurement 
obtained in this experiment no attempt has been made to obtai; 
coefficients of correlation with other experiments. 

The only conclusion which the data warrant is that men ar 
more apt than women to be influenced by the suggestion en 
ployed in this test. 
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5. Conclusions Concerning the Four Experiments 'Which 
Involve Esthetic Judgments op Proportion 

These four experiments are very closely related in respect to 
method and the general form of the suggestive statement. The 
results prove that each of the three for which coefficients of 
correlation have been calculated is positively correlated with the 
other two. Yet the correlations are not large enough, either 
absolutely or by comparison with the correlations found with 
other and less obviously related tests, to warrant the inference 
that the three (or four) suggestions act upon the subject in the 
same vray. A person who is highly suggestible in one of these 
experiments is more apt than another to prove highly suggest- 
ible in another of these tests, but not much more apt to prove 
so in one of these supposedly related tests than in some other test. 

With regard to sex differences, these experiments are not 
consistent with one another. Two of them. Rectangle and Cross, 
seem to indicate very clearly that women are more apt than men 
to respond to the suggestion by changing their preference in the 
direction of what they suppose ‘‘most persons^’ prefer. On the 
other hand. Triangle, which does not seem to differ in any essen- 
tial respect from Rectangle, gives exactly the opposite sex dif- 
ference with equal distinctness; and Line, although not very 
trustworthy on account of the fact that at least 80 per cent of 
the subjects proved wholly immune to the suggestion, shows that 
among the few persons who are at all subject to the suggestion 
there are more men than women. 
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THREE EXPERIMENTS DEALING WITH THE EFFECT 
OF SUGGESTION UPON SIMPLE ESTHETIC PREF- 
ERENCES IN THE QUALITY OP 
SENSATIONS 

1. Preference for a Simple Color; 2. Preference for Tone; 

3. Preference for a Color Combination 

None of these three experiments can be regarded as a success 
from the quantitative point of view. The measurements whici 
could be made were so coarse and the sources of error so mani- 
fest that no statement whatever seems warranted concerninjs 
individual differences, and what is to be said concerning ses 
differences must be regarded as merely approximate and of nc 
consequence except in so far as the findings are found to agree 
with what has been learned from those experiments in whici 
more exact measurements have been made. 


1. Preference for a Single Color 

The material for this experiment consisted of a dull blacl 
card on which were mounted eleven pieces of '‘Hering” colorec 
paper 4 cm. wide and 9 cm. high. The pieces were mounted ii 
a single horizontal row, separated from one another by a spao 
of 2 cm. The colors were in the order of the spectrum from lef 
to right : light red, dark red, orange, yellow, etc., to purple, Th< 
violet red w'-as not included. 

This experiment was given at the same time with the experi 
ments of the second group of the first main division (see p. 294) 
but in its general method it is more, closely related to the test 
of the second main division, now’^ being described. The precis 
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form of the suggestion is not like that used in any of the other 
tests. The directions were as follows: 

PEEFEBENCE FOE COLOE8 

It is the object of this experiment to obtain informajtion about the 
color preferences of men and women. It is generally said that men like 
reddish, ruddy, or warm colors, while women, as a rule, dislike them. 

All that you have to do is to pick out the color that you like best in 
the set shown. 

The directions were arranged in two sets. One set read as 
above, '^men like . . . while women . . . dislike’^; the other set 
read, ''women like . . . while men . . . dislike.’’ The two sets 
differed from each other only in interchanging the words men 
and women. These words are printed in italics here in order to 
make clear their significance; they were not italicized in the 
statements given to the subjects. It was intended that half of the 
subjects should receive one set of directions, the other half the 
other set. A person is counted as suggestible if he selects a 
color among the five beyond the middle of the set and toward the 
end which is indicated by the directions as being preferred by 
his own sex. But of course this method of measurement is highly 
arbitrary. The form of the suggestion itself is not free from 
misinterpretation, as, for example, in the case of the man who is 
influenced by the reflection that women have better taste than 
men in such matters. 

Unfortunately the number of persons of either sex who re- 
ceived one set of directions was not exactly equal to the number 
who received the other set. Moreover, the preference for hlnej 
among the colors used, was so strong with both men and women 
that the suggestion seems to have been very often ineffective 
when brought into conflict with it. 

No clear sex differences appear. A color toward the blue 
end of the spectrum is preferred by 72 per cent of the women 
and by 73 per cent of the men, regardless of the suggestive state- 
ment. The choice was in accord with the positive suggestion 
in the directions for 57 per cent of the 75 women tested and for 
55 per cent of the 60 men. The work of the separate experi- 
menters is so inconsistent as to deprive these figures of real 
significance. 
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2. Preference Between Two Tones 

This experiment takes us back to the group in which a norm 
was established by a preliminary sitting before the suggestion 
was given. The first directions were as follows : 

PREFERENCE FOR TONES 

You will hear two tones, first one produced by a metal whistle and 
then one produced by a wooden whistle. They are the same in pitch. 
Each will be sounded for ten seconds, and then each wUl be sounded again 
for five seconds. You are to say which one is the more pleasing to you. 

The tones were produced by a brass Stern tonvariator and 
an Appunn wooden organ-pipe ' Ut 4 ’ ' ) . The instruments were 
attuned at 495 vs, according to the tonvariator, and were blown 
from the same air tank. They were of about the same loudness. 
The wood had more noticeable overtones. It was found that 
76 per cent of the women and 74 per cent of the men actually 
prefer the metal. 

When the subject returned for the second sitting three weeks 
after the first test he received one or the other of the following 
suggestive statements appended to the foregoing directions. 
Form A said: Note. — Most persons prefer the metal whistle. 
Form B said wooden. The experiment might have proved more 
satisfactory if the suggestive statement had been altered to fit 
the first choice of each subject, so that in each case the subject 
would have been confronted with a suggestion to change from his 
former judgment. As the suggestions were actually given in a 
chance order the data are considerably more complicated. 

Of the 41 women, 13 change their minds between the first 
and second sittings, and 8 of the 13 change in the direction of 
the suggestion. Of the 43 men, 11 change their minds, and 6 
of the 11 change in the direction of the suggestion. The fol- 
lowing figures show that most of the changes occurred under the 
direction of suggestion ^'B” (to prefer wood). 

The unexplained but obvious tendency to change from metal 
to wood is strong enough in the A group, where it involves a 
negative response to the suggestion, to prevent many changes. 
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But in the B group the spontaneous tendency to change toward 
wood reinforces the suggestion, with the result that more changes 
occur. 



Positive Negative 
change change 

20 women, A 

1 2 

24 m en, A 

2 3 

21 women, B 

7 3 

19 men, B 

4 2 

The amount by which women appear to be more suggestible 


than men is entirely negligible, except perhaps that the apparent 
difference between the sexes happens to be in the same direction 
as the difference which has been found more clearly in many of 
the other experiments. 


3. Preference for a Combination op Two Colors 

The original directions, which were not supposed to be sug- 
gestive, were: 

PEEPEEEED COMBINATION OF COLOES 

You will be given a card with a piece of colored paper mounted on it, 
and you will be shown a large card on which a great variety of colors 
are mounted. You are asked to pick out the color which you think would 
make the most pleasing combination with the one that is given you. 

All of the 90 colors from a Milton Bradley sample book (size 
3.7 by 7 cm.) were mounted vertically in columns of five on a 
large black card with space between them equal to half the 
width of the colored strip. The five tints and shades of each 
color appeared in a single vertical column. The columns were 
designated by letter (violet red was A and red violet was E), 
and the rows were designated by number, row 3 being the best 
saturated color. The one color used as the basis of the combi- 
nations was the Milton Bradley ‘‘green’’. The green strip was 
of the same size as the other strips and was mounted on a small 
black card. The subject held this card in his hand and placed 
it alongside of the colors in the set whenever he liked. 
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One set of suggestive directions read: Note. — Most persons 
select a color from one of the columns marked ly the letters 5. 
C, or D (these colors were red, orange-red, and red-orange) . The 
'‘B” set read: Note. — Most persons select a color from one of 
the columns marked hy the letters H, I, or J (these colors were 
yellow, green-yellow, and yellow-green). 

In the preliminary test the two groups of colors mentioned 
in the suggestive statements actually contained about an equal 
number of choices, and between them they embraced nearly three- 
fourths of all the choices. 

In the original choices, without suggestion, no difference of 
a systematic sort could be discovered between the preferences 
of men and women. About 35 per cent of the members of each 
sex prefer with green a color which contains a large admixture 
of red (red-violet, violet-red, red, orange-red, or red-orange). 
The first choice is yellow, which is preferred by 14 per cent of 
the subjects. For the second place, red is tied with yellow-green 
(11 per cent for each of these colors). 

Men show a stronger preference than women for well satur- 
ated colors in combination with the saturated green. 'Women 
show a much stronger preference for tints. The following fig- 
ures show the proportion of the subjects who chose, as making 
the best combination with the saturated green, another satur- 
ated color, a tint, or a shade darker than the saturated color. 


Choice Women Men 

Tints 41% 9% 

Saturated colors 27 60 

Darker shades 32 30 


The following figures show the actual number of persons, both 
men and women, who preferred one of the designated colors either 
in the first test, when there was no suggestion, or in the second 
test. In the second test the change in the number of persons 
who chose one of the designated colors may, or may not, be 
ascribed to the influence of the suggestive statements. 
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Chose red, Chose yellow, 
orange-red, green-yellow, 
red-orange yellow-green 


20 women, A group, first test, no suggestion 6 7 

20 women, A group, second test, with suggestion .... 12 3 

Increase, ascribed io the suggestion 6 

21 women, B group, first test, no suggestion 2 6 

21 women, B group, second test, with suggestion .... 3 9 

Increase, ascribed to the suggestion 3 

24 men, A group, first test, no suggestion 7 8 

24 men, A group, second test, with suggestion 9 4 

Increase, ascribed to the suggestion 

19 men, B group, first test, no suggestion 5 4 

19 men, B group, second test, with suggestion 4 (5 

Increase, ascribed to the suggestion 


.I'll each of the four groups the suggestion is effective, for the 
specified colors are eliosen more often in the second test if tlie 
statement i‘(‘coniinends such a choice, and not otherwise. If 
the i*esults ar(‘ combined in order to make the sex differences 
clear wc. obtain the following figures, showing the per cent of 
persons who eliose the specified colors. * 

Worn on Mon 


Without suggestion 29% 26% 

Under suggestion 51 35 

Increase due to suggestion 9 


Oil the other hand, tlu^ per cent of persons who chose one of 
the tlir<‘e colors which were not specified in their own directions, 
but were specified, without their knowledge, in the directions of 
their eo-sub jects was as follows : 

Women Mon 


First test, no suggestion 22% 30% 

Second test, no suggestion ...: 35 19 

Withdravmls, instead of increase 7 .71 


Tliese figures are introduced only for the purpose of showing 
tliat the increase in the number of preferences for the specified 
colors did not arisen from a general tendency to change over to 
the six colors used for the suggestions. The changes which W(^r(i 
w(n’(^ not toward all of the six, but toward only the thrtie 
incuitioned and away from the three not at that time mentioned. 
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The figures above show that the number of women who can 
be induced to change from an expression of preference for one 
combination of colors to another by the statement that ‘‘most 
persons prefer^’ the second combination is considerably greater 
than the number of men who can be induced to change in this 
way. 

It will have been observed that these figures take into consid- 
eration only the final results of all the changes, including the 
eases of those who at first preferred one of the designated colors 
and then changed away from it in spite of the suggestion. The 
following figures show the number of persons (in per cent) who 
adopted the designated colors, having first preferred some other, 
no account being made of those who originally preferred these 
colors and for whom the suggestion only served as a confirmation 
of their natural preference. The figures are the per cent of the 
subjects who change from some other color in the manner indi- 
cated. 

Women Men 


Change to one of the 5 suggested colors 24% 16% 

Change to one of these 3 when not suggested 7 5 


These figures further confirm the conclusion that women are 
more open than men to this suggestion. 


4. Conclusions From the Three Experiments Depending 
Upon a Simple Esthetic Preference 

The test for Color Preference, in which the suggestion is 
hidden under the assertion that men or that women prefer cer- 
tain classes of colors, gives no results worth considering; the 
actual preferences are too strong for the suggestion. 

The preference between two Tones is too strong also for the 
suggestion to affect it much. But in this case there are a very 
few instances in which women appear more suggestible than men. 

The preference for Color Combinations is susceptible of 
change through suggestion, and in this case women are consid 
erably more apt to respond to the suggestion than men. 
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XI 

FINAL CONCLUSIONS CONCERNING SEX DIFFER- 
ENCES IN SUGGESTIBILITY 

A general review of the entire series of twenty-six experi- 
ments reveals a very distinct difference between the sexes. In 
thirteen of the experiments there is a clear difference between 
the sexes, and in only one of these experiments are the men more 
suggestible. There is a slight, but stiU fairly reliable, difference 
in four other tests, and in only one of these are the men more 
suggestible. There are five tests in which the difference between 
the sexes is rather doubtful, and in only one of these does it 
appear probable that the men are more suggestible. There are 
only four experiments in which no sex difference can be made 
out. The following table shows the experiments arranged in the 
order in which they have been presented in this report. An 
entry under the caption Women means that women proved clearly 
or somewhat more suggestible than men, or that there is a dis- 
tinct probability that they are more suggestible. An entry 
under Men is to be interpreted in the same terms. No entry, 
under either heading, means that the data are inadequate or self- 
contradictory. The page reference is to the page on which the 
discussion of the sex difference in that experiment is begun. 

The difference between the sexes is more distinct in some of 
the groups of experiments than in other groups. There can be 
little doubt that women are more suggestible in tests which 
involve an imagined sensation, a series of progressive changes, 
distortion of memory, and estimation of magnitudes. The tests 
with illusions do not give clear differences between the sexes, and 
the tests with esthetic judgments give contradictory or indecisive 
results. Where degree of suggestibility is measured by the 
promptness of the response to the suggestion women are not 
conspicuously more suggestible than men. Two of the tests of 
this kind {Change of Size and Heat) give no sex difference ; two 
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Least perceptihle (^imagined) Sensations: 


Page Women 

299 Odors Clearly 

304 Touch Clearly 

310 Heat 

316 Electric Shock Clearly 

Least perceptible {imagined) Change: 

324 Change of Brightness Somewhat 

327 Change of Pitch Clearly 

330 Change of Size 

334 Motion Somewhat 

Series of progressive Changes : 

341 Progressive Weights Clearly 

345 Progressive Lines Probably 

Memory, Recognition, Imagination : 

350 Eecognition of Porm (Checkerboard) Clearly 

352 Eecognition of Position (Letters) Somewhat 

356 Memory for Size (Squares) Probably 

361 Memory for Pictures Probably 

364 Ink-blot Test of Imagination Clearly 


Illmions : 
373 Size-Weight 


379 Miiller-Lyer Somewhat 

Estimation of Magnitude: 

389 Estimation of Distance Clearly 

394 Estimation of Weight Clearly 

Esthetic Preference, Proportions : 

401 Eectangle Clearly 

405 Triangle 

408 Cross Clearly 

412 Division of a Line 


Esthetic Preferencej Qualities: 

415 Preference for a single Color 

416 Choice between two Tones 

419 Color-combination Clearly 


Men 


Probably 


Clearly 

Somewhat 
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{Brightness and Motion) give a slight difference, and only 
Change of Pitch gives a clear difference. 

The fact that women are more suggestible than men in the 
greater part of these tests can not be construed immediately as 
proof that women as a class are more suggestible” than. men. 
Tests of a different character, involving verbal suggestions or 
suggestions of a different kind, might not yield the same results. 
Yet it should be noted that two quite different types of sug- 
gestion were actually employed in these experiments, one in 
which a false or misleading statement was concealed in the 
directions, and, in some cases, supported by a false or misleading 
‘^demonstration”, and the other in which the suggestion was 
presented in a comparatively open manner under the guise of a 
statement of information concerning what ‘^most people” do 
under tlie circumstances. In both of these forms of suggestion, 
and in distinctly different variations of both forms, the greater 
suggestibility of women is apparent. This circmustance makes 
it seem highly improbable that the apparent difference between 
the sexes is wholly dependent upon the peculiar manner of i>re- 
senting the suggestion. 

A sweeping conclusion concerning the difference between the 
sexes should not be made without considering the question 
whetlu'r th(‘ nuvn and women who acted as subjects in these 
cxperinumts werc^ tyjucal representatives of their respective sexes. 
Thes(i young men and woirum come from the same communities 
and home conditions. It is difficult to see how any difference 
of an environmcmtal or li(u*(‘ditary sort can exist between the 
rei)resentatives of the two sexes. Nor is it apparent that there 
has been any selection from the members of either sex. Tlie 
men are not drawn to any appreciable extent from engineering 
or technical dej)artm(vnts of the University, but are the men who 
elect to tak(‘ general ^'cultural” courses which are pursued by 
most wonum in the University. From earliest childhood these 
boys and girls have been subjected to precisely the same condi- 
tions so far as (education is concerned. Most of them have always 
atternh^l coeducational schools. There is no apparent reason 
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why those young men and woniou should not ho n*garded as 
typical representatives of the younger men and woiutui from tlu‘ 
more prosperous families of this eommuuity. 

Abstaining, however, from any geiu^ralizations outsid<‘ of the 
actual scope of the investigation, we may fairly eou<*ludt^ that 
wherever written directions are used which givt* rist‘ to falst* 
anticipations, or which contain statements conet‘rning tht‘ usual 
course of most persons, these dirtHdions will prove more mis- 
leading to women students than to mcai. 


xn 


FINAL (X)N(!LIKSI<)NS (’()N(U<IUNIX({ INDIVIDFAIj 
DlFFKRFNtd^S IN SrtKiKSTIlULlTY 


Th(‘ (piestion whetluu* particular imlivuliials [»ossess a charac- 
teristic trait which may he called '‘suggestilulity '* aiml whi(»h will 
distinguish tlumi frorti other individuals in a inimher of ditfertutt 
situations has already hetui answenMl in [uirt aflirmativtdy with 
the ass(‘rtion that woimur an% us a ride, more suggestible than 
men. The assertion of a S(‘X <lifl*t‘rence is the assertion that some 
individuals (oni‘S(*.N:) posst‘ss a charactm-istie in whicli they differ 
from otlu‘r individuals (the (dher Ht‘XK In the present case the 
ol)viouHn(‘ss of thi* diff(*rence between the sexes in the gri‘at 
majority of tin* (‘xperiimmts compels the conclusion that there 
is a common trait '‘suggestibility'' which a[»pi‘ars in a variety 
of circumstances ami which is mor<* <*onspi<mons in women than 
in m<*n, Th<‘ further <iuestion remains wlietlier there are <*om 
sistmit diffenmces in suggestibility between differtmt individuals 
of tin* sanu‘ st‘x. 

It must 1 h‘ said at once that there are no individual differem*es 
wliicdi are sufficimitly conspicuous to justify the experimenter in 
calling one pm-son ‘‘very sugg«*sf ible” and anotlnu* “mit suggest 
ibl(*/' Thi‘r<‘ an* no individuals who have cmisistently high or 
consistimtly low indinss of suggestibility through a series cd’ tests. 
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On the contrary, the experimenter is struck by the fact that 
the most skeptical individual will yield at times with surprising 
readiness to the suggestion, while a person who has yielded to 
some tests with very little apparent resistance will unexpectedly 
become very recalcitrant. But it must be remembered that the 
absence of conspicuous cases of high suggestibility or of low 
suggestibility consistently maintained throughout a number of 
tests can not be taken as proof of the absence of a icndencij in 
certain individuals to be suggestible or to resist suggestion. 

The coefficients of correlation do afford an indication of the 
presence or absence of a tendency to respond to the suggestion 
in one test in the same general way as in other tests. A high 
coefficient of correlation indicates that the individuals who are 
suggestible in one test are suggestible in the other, and if there 
is a positive coefficient, even though it is a low one, it affords 
reason for believing that suggestibility is a trait which reappears 
in an individual from time to time under a variety of conditions. 
The following table presents certain data which may be consid- 
ered in this connection. The figures are obtained by adding 
together the coefficients of correlation for each of the tests with 
each of the others in that division of tlie experiment and taking 
the average of thcisc^ different coefficients. In the case of the first 
division there are nine tests, so that the average is based on eight 
figures, (»aeh of which is obtained from an array of 54 women 
and 29 men. In the case of the second division there are seven 
tests for wdiich correlations have been calculated, so that the 
average rests on six correlations for the A group and six for the 
B group, or twelve in all. There were about 20 persons of each 
sex in each of th(»se grouj)s. The absence in the table of any 
figure for tlu^ corr(dation means that correlations were not calcu- 
lated for that experiment. In two cases {Electric Shock and 
Ink Blot) tlier(‘ w<u*e no correlations calculated for the large 
groups of subjects, but correlations calculated for the subjects 
of separate (^xi)erim(mters W(u*e generally positive. The i)age 
reference at the left refers to the page on which the discussion 
of correlations is takcm up in the case of each experiment. 
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Least 'perceptible (imagmed) Seyisations: 


Page Men 'Women 

301 Odors 039 .147 

307 Touch 110 .220 

312 Heat 030 .098 

318 Electric Shock 

Least perceptible (Imagined) Change: 

324 Change of Brightness 050 .275 

328 Change of Pitch 048 .200 

332 Change of Size 061 .281 

336 Motion --.084 .209 

Series of progressive Changes: 

343 Progressive Weights 074 .181 

347 Progressive Lines 074 .126 


Memory j Becognition, Imagination: 

351 Eecognition of Form (Checkerboard) 
353 Eecognition of Position (Letters) 

359 Memory for Size (Squares) 

360 Memory for Pictures 

366 Ink-blot Test of Imagination 


Illusions : 

377 Size-Weight —.054 .162 

383 Miiller-Lyer 052 .014 

Estimation of Magnitude: 

390 Estimation of Distance 030 .1.67 

395 Estimation of Weight — .200 — .042 

Esthetic Frefereyice, Proportions: 

402 Eeetangle 022 .092 

405 Triangle 032 .103 

408 Cross 137 .079 

412 Division of a Line 


Esthetic Preference, Qualities: 

415 Preference for a single Color 

416 Choice between two Tones 

417 Color-combination 
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The figures obtained by averaging the correlations are none 
of them high, but among the thirty-two there are only four which 
are negative. The combined average for men in the 9 experi- 
ments of the first division is .204 and for the women it is .054. 
In the 7 experiments of the second division it is .095 for men 
and practically zero (.003) for women. The separate figures 
from which these averages have been obtained are given on pages 
427 and 428. The upper right-hand and lower left-hand portions 
of these pages are duplicated in order to show the full column 
of correlations for each one of the tests. It is understood that 
these correlations involve a possible error, in that the work was 
done by different experimenters, so that the ranking of the indi- 
vidual sxibjeet’s record may be influenced by the amount of the 
personal influence of the experimenter. This source of error was 
eliminated in the experiments of the first division by computing 
separate coefficients of correlation for each experimenter. 

Correlations Between Tests of the First Division 
Women (54: eases) in the upper line and men (29 cases) in the lower line. 



Odors 

Touch 

I left t 

Bright- 

ness 

Pitch 

Size 

Motion 

Weights 

Lint 

Odors 


—.01 

.11 

.05 

—.10 

.08 

—.28 

.18 

.28 



.23 

.26 

.40 

.16 

.39 

,14 

.16 

.24 

Touch 

—.01 


.35 

.15 

.27 

.04 

.07 

—.13 

.14 


.23 


.19 

.42 

.15 

,30 

.19 

.11 

.17 

Heat 

.11 

.35 


.07 

—.29 

.04 

—.24 

.05 

.15 


.26 

.19 


.04 

.06 

.26 

.09 

—.16 

.04 

Brightness 

.05 

.15 

.07 


.18 

—.16 

—.05 

.22 - 

-.06 


.40 

.42 

.04 


.38 

.09 

.39 

.40 

.08 

Pitch 

—.10 

.27 

—.29 

.18 


.04 

.16 

.07 

.05 


.16 

.15 

.06 

.38 


.46 

.09 

.38 - 

-.08 

Size 

.08 

.04 

.04 

—.16 

.04 


.12 

.27 

.06 


.39 

.30 

.26 

.09 

.46 


.36 

.22 

.17 

Motion 

—.28 

.07 

—.24 

—.05 

.16 

.12 


—.24 - 

-.20 


.14 

.19 

.09 

.39 

.09 

.36 


.18 

.23 

Weights 

.18 

—.13 

.05 

.22 

.07 

.27 

—.24 


.17 


.16 

.11 

—.16 

.40 

.38 

.22 

.18 


.16 

Ijines 

.28 

.14 

.15 

—.06 

,05 

.06 

—.20 

.17 




.17 

,04 

.08 

—.08 

.17 

.^3 

.16 

.. 
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Correlations Between Tests in the Skc’ono Divisu^n 

First lino, 20 womou under sujijfifostiou A; sooiuid lino, 21 women umlor 
sugjyoation B; third lino, 24 men under suggestion A; fourth lino, HI men 
under suggestion B. 



Sizt*- 




Hvt't 

Tri 



Wt'iKht 

Lyt*r 


Wt'isht 

nn^It« 

uukI** 

VirnsM 

Size- Weight 


.05 

—.00 

.07 - 

-.14 

.52 

.02 



.21 

—.28 


.20 

.55 

.05 



—.11 

.55 

.58 

22 

.12 

.28 



.00 

.20 

.42 

.5.5 

.58 

.15 

Miillor-Lyer 

.Oo 


AH) 

- .50 • 

.(»4 

,10 

.15 


.21 


.24 

.51 

.02 

.58 

.54 


—.11 


—.01 

.14 

.24 

.21 

,00 


.00 


.12 

.07 

.15 

.20 

.21 

Distanoo 

—.00 

.00 


.55 

.47 

.05 

.10 


- .28 

.24 


.10 ^ 

.(»5 

.00 

.51 



—.01 


.25 

.2-1 

.02 

.45 


.20 

.12 


.50 

.51 

,04 

.20 

Weight 

.07 

— .OO 

— .55 


.<10 

.21 

.07 


— .20 

— .;n 

. ..10 


.2<» 

.45 

,15 


.;i8 

—.14 

.25 


,00 

.25 

.17 


™ -.42 

—.07 

.50 


.52 

.41 

.51 

Reo tangle 

--.14 

--,04 

.47 

.00 


.05 

.27 


- .20 

,02 

.0,5 

.20 


.17 

.:mi 


22 

’ «.24 

.24 

.00 


.20 

.21 


.r>:i 

,15 

.51 

.52 


,02 

.57 

Trianglt^ 

— .:i2 

.10 

.05 

,21 

.05 


.57 


.•i«> 

.58 

.00 

.45 

.17 


.10 


.12 

,21 

—^.02 

.25 

.20 


.18 


.08 

.20 

,04 

.41 

.tl2 


.11 

Cross 

.02 

—.15 

.10 

.07 

.27 

.57 



Mr, 

.54 

,51 

.15 

.50 

.10 



.28 

.00 

.45 

.17 

.21 

,18 



—.10 

.21 

-%20 

.51 

.57 

.11 



The following table showH all of the e(M*flleh‘ntH of eorrelutiou 
vvhieh have \mni e.aleulatiHl, arranged aeeortling to magiittn<le ho 
HH to Hhow, roughly, the frt»(iueney of e<H*ni(deutH of vnrioim 
magnitudes. In the first division of the work (nine tests) then* 
are 26 eorr(‘lationH for a group of 54 women and the same number 
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for a group of 29 men. There are also for this same division of 
the work (eleven tests) 163 correlations for women and 153 for 
men obtained from the groups tested by individual experimenters. 
These groups range in size from 5 to 24 and contain the same 
persons as the groups of 54 and 29, but in different combinations 
and together with many others. Finally, there are two groups 
of about 20 women and two groups of about 20 men in the seven 
tests of the second division of the work, making 42 more corre- 
lations for each sex. In the last column of this table the whole 
472 correlations are shown. 

Positive correlations predominate among the men; only 4 of 
the 36 figures for the group of 29 are less than .05 ; two-thirds 
of those in the second division, and of those for individual experi- 
menter ’s groups in the first division, exceed that figure. For 
the women positive and negative coefficients are about evenly 
distributed with a few more positive instances in the first division. 


Frequency of Correlations of Various Magnitudes 


First Division 

-- A ^ 

(j| roups Groups 


Amount of 

of .'54 

of 29 

correlation 

womoii 

men 

1 

b 

o 

to 

—.75 



—.74: 

to 

—.65 




—.64 

to 

—.55 



—.54 

to 

—.45 



—.44 

to 

—.35 



—.34 

to 

—.25 

2 


—.24 

to 

—.15 

4 

1 

—.14 

to 

—.05 

4 

1 

--.04 

to 

+.6>5 

7 

3 

.06 

to 

.15 

10 

8 

.16 

to 

.25 

5 

12 

.26 

to 

.35 

4 

3 

.36 

to 

.45 


8 

.46 

to 

.55 


1 

.56 

to 

.65 



.66 

to 

.75 



.76 

to 

1.00 




Total, 36 36 


First Division Second Division 

Groups f ^ V 

l)y individual Groups of Groups of 
experimenters 20 ‘women 24 men 
r — ^ ^ ^ A, and 21 A, and 19 All eorre- 
Men Women women, B men, B lations 


1 




1 

0 

3 



3 

2 

0 



2 

1 

3 

1 

1 

6 

9 

5 

1 

3 

18 

12 

6 

6 

2 

28 

10 

8 

4 

3 

30 

26 

12 

5 

4 

52 

17 

13 

10 

3 

SfJ 

16 

19 

2 

4 

59 

24 

IS 

5 

10 

74 

14 

14 

5 

6 

46 

14 

12 

2 

3 

39 

8 

11 

1 

1 

22 

3 

10 


2 

15 

5 

8 



13 

1 

11 



12 

163 

153 

42 

42 

472 



4.‘U) rniirrsitif of (Uiliforoia Puhlirafioas in PsiirhoUnjij I - 

Whoii the distribution of tlie entire 472 eorrelations is eoiisitl- 
ered it is evident that more east^s (H*eur abovt‘ Z(‘ro tlum l)t‘l<)\v ainl 
that relatively liigh positive* eorre*lations an* ruindi mon* rreepunit 
than eorrespondingly high negative oiU‘S. 

On the whole, considering the vt*ry large* uuniher of et)rr«*- 
lations in (piestion, the value* of their nve‘rage*s and the* way in 
which the‘y are distributee!, it is preibable* that an individual vvlu) 
is more suggestible than anothe*r in one* e>f the*se‘ tt‘sts will pre>ve‘ 
more sugge*stible in another. Ye*t the* actual iituemnt of the* eor- 
ivlation is ge*nerally so small anel the numbe*r ed* nt‘gntive» im 
stances so gr(‘at that the ''probability" in the* above* state*tne‘nt 
can only be very slight. While* it se‘ems te> be* true* tliat sugge*Ht>- 
ibility is a trait more* e*onspicu()usly ele*vele>ped in seam* iuelivitluals 
than in others, ye‘t the individual di(Te‘re*n<M*s are* small ami seM*m 
to be* subjesed to re*V(‘rsal uneler the* intlu<*u<M‘ of eeaiditions whit*h 
are not within the control of the* e‘xperinu‘ntcr. Appare‘ntly the* 
sugg(*stions of the* type* us(*el in the* first division eif the* ex(H»ri 
me‘rds are* Tuore* apt to obtain e'onsiste'ut re*actiems freaa the* same* 
ineliviehial in elifTe*re*nt te*sts (as in<lieate*d by tin* eorrelat iems i 
than sugge*sti<)ns wliiedi depeuel upon the* state*me*nt *'m<»st pt*rsons 
do so and so.” 

It has h(*e*n obse‘rve*d that the* ce>rre*latiems are* me»re* fn*enn*ntly 
positive* and are* gc*ne‘raHy highe*r for rm*u than fe>r wonu’n; in 
fact the* iigiuvs for we>me*n are* se) low that withemt the* sup[>e>rt of 
tile* more* ([(‘finite* data from the* me*n tht*y would be* incemclusivt*. 
The* i)re*sent data do not afTorel any e*.\planation <»f this <Iitre‘rcn<*e‘ 
be*twe‘e‘n tin* s(‘xe*s. Appare*ntly the*re* are* m(*n who present con^ 
sist(*ntly elistinc.t individual traits or idiosyncrasie*s whe*n teste*d 
for sugge*st ibility, while* wome*n are* less (*onsiste‘nt from te»st to 
te*st and do not show such marke*d individuality as the* me*n. 


Tranumittni August lOJ/i. 
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